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ANTTKNOCK EVALUATION OF HYDROCARBONS AND ETHERS
AS AVIATION FUEL COMPONENTS

By Henxry C. Barnett

SIMARY

The results of a NACA investigation conducted over a periocd
of several years to evaluaste the antiknock cheracteristics of or-
ganic compounds are summerized. Included are dats for 18 branched
pareffing and olefins, 27 aromatics, and 22 ethers.

Tne factors of performance‘ investigated were blending charac-
teristics, temperature sensitivity, lead response, and relation
between moleculer structure and anbikmock ratings. Four engines

were used in these studies.



NACA RM ESOHOZ

INTRODUCTION

Improvements in aircraft power plents during the past 30 years
heve resulted in demends for fuels of increasingly higher antiknock
performance. This trend has necessitated a thorough investigation of
possible high-antiknock compounds that may or may not occur naturally
in petroleum. The task of surveying an endless procession of possible
fuel-blending agents has fallen to the petroleum industry and inter-
ested research groups. Through the combined efforts of the organi-
zations concerned, a large quantlty of date has been esmassed. These
data permit an accurate appraisal of the merits of many chemical
compounds heretofore gilven little more than cursory consideration as
fuel-blending agents.

As a particlpent in this field of research, the NACA In 1837
gponsored a project by the National Buresu of Standards for the prepa-
ration of l-liter quantities of selected paraffins end olefins. The
engine evaluation of the antiknock quelities of these compounds weas
flrgt conducted under the sponsorshiﬁ of the American Petroleum
Institute (APT) and the results of this work have been reported by
Lovell (reference 1). In addition, the ‘APT has sponsored a synthesis
program conducted at the lsboratories of Ohio State Unlversity. All
these programs have been continued up to the present and were aug-
mented during 1942-47 by additional synthesis and engine evaluatlon

at the NACA Lewis laboratory.
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The synthesls project at the National Bureauw of Standards has
been devoted to compounds in the paraffinic and olefinic classes; the
synthesis project at the NACA Lewis laboratory has been devoted to
compounds in the arcmetic and ether classes; and the synthesis progrem
at Ohio State University has been devoted to compounds in these and
other clesses.

The engine evalustion of pure compounds sponsored by the APIL was
conducted in laboratories of the General Motors Corporstion and the
Ethyl Corporation. The engine evaluation of blends réported herein
wasg conducted at the NACA Lewis laboratory.

Results of the NACA study of paraffins, olefins, aromatics, and
ethe;s are published in a number of reports (references 2 to 14);
each report contains date for several compounds on factors such as
blending cheracteristlics, temperature sensitivity, lead response, and
relation between molecular structure and antiknock ratings. No
effort has been made, however, to prepare an integrated report cover-
ing the findings of these investigations. The data contalned in
references 2 to 14 are therefore summarized and the effect of the

molecular structure of fuels on éntiknock performence is shown

herein.
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ENGINES AND EXPERTMENTAL CONDITIONS

The engine evalustion of the antiknock cheracteristics of
organic compounds was conducted in four.test engin;s: (1) a
CFR engine conforming to specifications for the A.S.T.M. Aviation
method (D 614-47 T) for rating fuels; (2) CFR engine conforming to
specificetions for the A.S.T.M. Supercherge method (D 909-47 T)
for rating fuels; (3) an engine heving a displacement of 17.6 cubic
inches (about half that of a CFR engine) and popularly known as the
17.8 engine; and (4) a full-scale alr-cooled aircraft cylinder”
mounted on a CUE crankcase.

The 17.8 end A.S.T.M. Supercharge engines were equipped with
dual fuel systems, one line for the "warm-up fuel" and one for the_
test fuel. EKnocking was detected in both engines by means of a'
cathode-ray oscllloscope in conJjunction with a magnstostrictlon
plckup unit.

The full-scale single-cylinder test engine was fitted with
baffles and cooling air was directed toward the cylinder in order to
simmlate cooling conditions in flight. Further details of the full-

gcale insballation are given in reference 2.

1348,
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Pertinent operating conditions for the various engines are pre-
sented in table I. The 17.6 engine was opersted at two inlet-air
temperatures, 100° and 250° F, in order to obtain an indication of
the sensitivity of fuels to chenges in temperature. When the inlet-
air temperature was varied, all other conditions wers held the same
as shown in table I.

The conditions shown in table I for the A.S.T.M. Aviation and
A.S5.T.M. Supercharge englnes are standard for these engines when
antiknock ratings ere being determined. As Indicated in table I,
the A.S.T.M. Aviation engine 1s & nonsupsrcharged engine in which
the compression ratio 1ls varied in order to determine the kmock
limit of a given fuel at a lean fusl-air ratlio with all conditions
other then compression ratlo held reasonsbly constant. On the other
hand, the A.S5.T.M. Supercharge engine is operated with all conditions
except inlst-sir pressure and fusl-alr ratlo held comstant. Knock
limits are determined by varying the manifold pressure until knocking
occurs. Although the fuel-air ratio cen be varied for this engins,
antiknock ratings are made at a rich fuel-air ratio, usually
about 0.11. The A.S.T.M. Aviation method (lean ratings) may thus
be indicative of fuel performance st cruise conditlons; whereas the
A.S.T.M. Supercharge method (rich ratings) may be indicative of

take-off performsnce.
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The full-gcale engine conditions were propomed by the Coordi-
-nating Research Councll in an effort to standardize full-scale
single~-cylinder experimental engine operation throughout the country.
During the early stages of the NACA investigation, fuels were inves-
tigated in the full-scale single-cylinder engine (quantity permit-
ting), but these methods were later abandoned when 1t became appar-
ent that the small-scale engine adequately described the fuel per-

Tormance.

COMPCUNDS INVESTIGATED

The compounds investlgated included 13 branched paraffins,
5 branched olefins, 27 aromatics, and 22 ethers. The peraffins and
olefins examined were 1n the Cs to C9 molecular-weight range; the
eramatics were in the 06 to Clz range; and the ethers were in the
04 to Cll range.

The individusl compounds, together with physical propertles
determined by the National Bureau of Standards or the NACA Lewis

laboratory, are listed in table II.
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BASE FUELS

Inasmuch as limited quantities of the compounds were availeble,
all tests were conducted on blends rather than on the pure compound.
By this procedure, considerable information could be obtained with
a relatively small gquantity of a given compound. The pure fuels
were lnvestigated in blends with two base fuels, one of which was
S-reference fuel. The other was & blend of 85 percent (by volume)
S-reference fuel and 15 percent M-reference fusl. This blend con-
teined 4.0 ml TEL per gallon. For all practical purposes, S-reference
fuel is pure isooctene and M-reference fuel is & straight-run stock
of gbout 20 octane mvmber (A.S.T.M. Motor method). Use of this base

blend was discontinued during the investigation and s blend of
87% percent S-reference fusl snd 12‘.'2-‘- percent n-heptene was substi-

tuted. This blend, too, contained 4.0 ml TEL per gallon.
The performance rating of the leaded blend of S- and M-reference
fuels was &bout 113/108, whereas the rating of the leaded blend of

S-reference fuel and n-heptane was gbout 120/112.
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PRESENTATION OF DATA

The antiknock performence data for all blends and base fuels
are presented in tables ITI to X. In many cases the performance
values have been adJusted to compensate for differences in the base
blend used. (See section entitled "Base Fuels.") Where these
ed justments have been made, the values will cbviously dlsagree with
values i‘eported in refere’nces 2 to 14; however, for the purposes
herein, the data as a whole have been placed on a more uniform
bagis.

The previously mentioned adjustments, in effect, permit treat-
ment of the data as 1f only two base fuels had been used, namely,
isooctane (léaded. and unleaded) end a leaded blend of isooctans and

n-heptane.

) a0
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RESULTS AND DISCUSSION

Relation Between Molecular Structure and
Antiknock Characteristics

A large part of past research relating to molecular structure
and antiknock behavior has been sumarized by Lovell (reference 1)
and by Lovell end Cempbell (reference 16). In both of these investi-
getions, an attempt was made to secure generalizations that would
assist in the prediction of relative antilmock values from molecular
structures. The past studies have on the whole been very success-
ful in this respect. As this particular phase of fuel research has
progressed , however, the basic knowledge of engine performance has
advenced; consequently, excepbions to these generalizetions can and
do exist by virtus of differences in engines end engine operating
. conditions. That 1s, the relative antlkmock charecteristics of a
given group of fuels caun be changed considerably by altering the

engine or experimental conditlons.
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As a result, the concept of "severe" and "mild" engine con-
ditions has been devised as an aid in evaluating the merits of dif-
ferent fuels. A severe condition is one in which controlled con-
ditions such as inlet-alr temperature, coolant temperaturs, com-
pression ratio, spark advence, and englne speed combine in theilr
effects to make a fuel knock more readily. (See reference 17.)

In reference 14, the various engine operating conditions used in the
NACA investigatlion of ethers are alined into a relative order of
severity., This same order of severlty 1s used in the present
discussion and is presented in table XI.

Because of this so-called severity concept, any stetement to
the effect that ons fuel performs better than another fuel has little
significance unless it is true for all operating conditions or
restricted to one operating condition. For this reason, the emphasis
in an investigation of the itype reported herein must be placed unpon
the trends in the relation betwsen structure and knock rating that

appear to epply under most conditions.

e XN
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Pareffins. - Data were obtained for 13 paraffinic hydrocarbons
in leaded blends with the mixed base fuel. Inasmuch as the quantities
of hydrocarbon were scmewhat limited, all the paraffins were cam-
pared only at the 25 percent (by volume) concentration level and
only at standard A.S.T.M. Aviation and A.S.T.M. Supercherge conditlons
(table ITI(a)). The data for these blends ere shown in figure 1.

These -figures 1llustrate the relation bebween molecular structure
and aptiknock performsnce for the paraffins lnvestigeted. The lines
Jolning the various data polnts are shown merely to define the paths
followed by campounds in an homologous series. An increase of one
carbon atom on the abscissa of these figures is equivalent to a
moleculer-weight increase equel to the molecular welght of a CHZ
group.

At the A.S.T.M. Aviation cdonditions (fig. 1(a)), seven of the
paraffinic hydrocarbons raised the knock-limited performence of the
bage fuel. The increases varied between 2 and 15 performaence numbers
with 2,2,3-trimethylbutene (triptans) having the highest rating.

This result indicates that under severe conditions, represented by
the A.S.T.M. Aviation (lean) method, triptane has outstanding

antiknock characteristics.
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Insofar as the effect of molecular structure on antiknock
cheracteristics is concernsd, three trends have been emphasized
(references 1 and 16). The first tremd 1s concerned with central-
ization of the molecule. For example, 2,2,3,3—tetramethylbutane is
a more centralized or compact molecule than 2,2,3-trimethylpenteane
and should therefore have a higher antiknock rating. The second trem
shows the effect of adding methyl (CHS) groups to a molecule in order
to form successive members of an hamologous series. The addition of
a methyl group to increase the branching tends to produce & compound
having & higher antiknock rating; however, the position in which the
group is added to the molecule will influence the rating of the new
compound. This effect based.on A.S.T.M. Aviation antikmock ratings

for the blends examined in the present investigation is illusirated

aas follows:

gAsl
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C C I -
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C —(I} -C-C-C(performance number, 130)
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€-C-C~C-C(performance number, 118)—» C-C-C-C-C{ performance mumber, 124)
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t1
C-C-C-C-C{ performance number, 122)
The third trend is concerned with the increase in length of a carbon
side chain or the primery cerbon chain of a moleculs. The effect of
such an addition is to decrease the antiknock rating as illustrated by

the following exsmples:

—Q —Q

ccc ccge
|

P |
C~C-C~C-C(performance number, 122)—> (C-C-C~C-C(performance number, 115)

ccC ccC
P [
C-C-C-C(performence mumber, 129)—> C-C-C-C~-C(performance mumber, 118)
In general the trends reported in references 1 and 16 and dis-
cussed in the precedling paragraph (fig. 1(a)) appear to be valid at
mild or moderate englne operating conditions. At severe operating

conditions, however, exceptlions do occur as regards centrallization

of the molecule or increased branching in the moleculs.
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At the A.S.T.M. Supercharge conditions, which, as indicated in
table XI, are of moderate severlty, the NACA data (fig. 1(b)) egree
substentially with the results found by Lovell (reference 1).

In this case (fig. 1(b)), 12 of the 13 paraffinic hydrocarbons inves-
tigated ralsed the knock-limited performence of the base fuel; the
increases were in the range of 2 to 44 performance numbers. The
antiknock rating of the blend containing 2,2,3,3-tetramethylpentane
was the highest obtained and the triptane blend was next.

In order to illustrate the fact that increased centralization
of the molecule does not always result in high antiknock values, the
A.8.T.M. Aviation ratings are plotted against the A.3.T.M. Supercharge
ratings for five nonanes blended with the mixed base fuel in
figure 2. If, in this figure, 2,2,3,3-tetramethylpentane 1s considered

the most compact molecule and 2,2,4,4~tetremethylpentane the least

compact, then it is apparent {because the correlating line has a o

negative slope) that increasing compactness may improve antiknock
performance under one set of conditlons and deprecilate antiknock
performance at other conditions.

As previously mentioned, the addition of methyl groups, that 1s,
increased branching, does not always result in improved performance.

This fact is illustrated by the following A.S.T.M. Aviation ratings:

EhE/
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cc¢ce
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C-C-C-C~-C( performance number, 118)

ccc : |

Pl c
C-C-C-C-C{ performance mumber, 122)

C

' f

c-C

C
l

l
-(i}‘ -0 -C( performance number, 110)
Cc

It is emphasized, however, that these exceptions appear to exist at
severe operatling conditlons as eiemplified by the A.S.T.M. Aviation
engine.

Olefins. - Five olefins were exemined in leaded blends with the
mixed base fuel at standard A.S.T M. Aviation and A.S.T.M. Supercharge
conditions (table III(a)). The concentration of olefin in each blend
was 25 percent by volume.

The data obteined are somewhat limited insofar as the relation
between molecular structure and antiknock value is concerned; however,
comparisons can be made with references 1 and 16 to determine Further
the consistency of trends noted by previous investigators. Lovell
(reference 1) found that for branched aliphatic compounds if the
parent paraffin hydrocarbon had a high antikmock value the inbtro-
duction of a double bond would decrease the amtiknock velue. This
trend is supported by the followlng data from the present Investl-

gation (table ITI(a)):
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Performance number of Pefformance number of
25-percent blend® 25 -percent blend®
Paraffin | A.S.T7.M.| A.S.T.M. Clefin A.S.7.M.| A.S.T.M.
Aviation|Supercharge Aviation| Supercharge
ccC cC
P 118 114 ! 100 117
c-C~-C-C-C Cc-Cc=C-C-C
ceCcc ccCc¢c
by P
C-C-C-C~C 122 132 c-C=C-C-C 101 104
ccC cC
b b
C-?-C-C-C 130 141 c~-C=C-C-C 106 108
I
c c

®411 blends were leaded to 4 ml TEL/gal.

In the forsgoing exemples, the double bond in the olefin appsared In

the 2 position and, with one exception, the ratings for the olefins

are lower then those of the corresponding paraffins. The one

exception 1s shown for the A.S.T.M. Supsrcharge ratings of

2,3-dimethylpentans and 2,3-dimethyl-2-pentene where the olefin has

an antiknock rating three performance numbers higher than the

paraffin.

A

1348
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Of the five olefins investlgabted only two, 2,4,4-trimethyl-1-
pentens and 2,4,4-trimethyl-2-pentene, indicate the effect of ths
position of the double bond on antiknock performance. For the
engines and the conditions exemined {tables ITI(a) and VII(a))
the ratings of these two compounds appear to be the same at the
more severe conditions. At milder conditions, the Z2,4,4-trimethyl.-
2-pentene haes lower ratings than 2,4,4-trimethyl-l-pentene This
trend is contrary to the trend found for straight-chain olefins
but is in agreement with data for branched-chaln olefins |
(reference 1).

Arcmaetics. - The most complete set of antikmock performance
date obtained in the present investigation resulted from engine
studies made with 27 aromatic hydrocarbons in blends with selected
base fuels. On the basis of these data, the relations between
molecular structure and entiknock value and the influence of englne
operating conditions on these relations for the arcmatics can be

readily seen.
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The relation between structure and antiknock performance for a
series of n-alkylbenzenes at a lean fuel-air ratio is shown in
figure 3(a). In this figure it was necessary to use performance
numbers for the A.S.T.M. Aviation engine, inasmuch as knock-limited

indlcated mean effective pressures are not measured on this engine.

’

The first three carbon atoms added to the side chains of the aramatic |

compounds successively increaéed the blend knock limits. The addition
of a fourth carbon atan to the side chain caused a sharp drop in per-
- formance abt the full-scale single-cylinder cruise condition and a

8light drop in the A.S.T.M. Aviation engine.

Y

/348
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More specifically, the date in figure 3(a) indicate that for the
full-scale single-cylinder cruise condition the 25-percent benzens
blend has a knock limit 20 percent higher than the base fuel; toluene
1s 28 percent higher; ethylbenzens, 35 percent higher; n-propylbenzene,
47 percent higher; whereas, n-butylbenzene is only 11 percent better
than the base fuel. At the other experimental conditions (fig. 3(a)),
the trends are the same but the msgnitude of the increases 1s less.

In fact, under simulated full-scale take-off conditions the benzene
blend is lower in performance than the base fuel, which is represented
by the ratio 1.0. In the A.S.TF.M. Avistion engine, the base fusl has
a performance number of 120 and, with the exception of n-propylbenzene,
all the. arometic blends have performance numbers lower than 120. This
depreclation In performance is characteristic of aromatics at con-

tlons as severe as those encountered in the A.S.T.M. Aviation engine.
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Figure 3(b) is similar to figure 3(a) except that the fuel-air
retio is rich and the A.S.T.M. Supercharge (rich) rating method hes
replaced the A.S.T.M. Aviation (lean) rating method. The trends
shown are somewhat different from those in figure 3(a), bubt the
similerity between the A.S.T.M. Supercharge data and the full-scale
date ls apparent. At the conditions investigated, the first addition
of a carbon atom to the benzens ring produces a sharp improvement in
performance; +the next addition results in a decrsase except for
the A.8.T.M. Supercherge data, which are vmchanged; the next addition
slightly increases the performance; end the addition of the fourth
carbon atom to the side chaln results in & very sharp decrease in
kmock limit, as found at the lean conditions (fig. 3(a)).

The change in pérformence accompanying changes in molecular
welght in an homologous series is illustrated in figures 3(a) and 3(b).
The effect of different isomeric structures on performance when the
moleculer weight is unchanged 1s shown in figure 3(c). For this
example, the four butylbenzenes, n-butylbenzene, isobutylbenzene,
gec-butylbenzene, and tert-butylbenzene, were chosen. At the two
17.6 engine conditions and the A.S.T.M. Aviation condition, ohanging
from the normal to the iso, the secondary, and the tertiary structures
progressively improves the performance. Under simuleted full-scale
crulse conditions, the isobutylbenzene is slightly better than the

sec-butylbenzene, but the smell difference in antiknock value is

probably insignificant.

»

]
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Data for the four butylbenzenes at & rich fuel-air ratio are
presented in figure 3(d). The trends shown in this figure are similar
to those found in figure 3(c). '

Generally speaking, in figures 3(a) to 3(d), the tremds in per-
formance of the aromstic blends in the standard A.S.T.M. Aviation and
A.8.T.M. Supercharge engines were similer to those in the other engines.
This similarity emong engines, however, ls not always observed over’
wlde ranges of operating conditions. Nevertheless, the comparison
of performance cheracteristics of the organic compounds throughout
the remainder of this report will be based primarily upon the A.S.T.M.
Aviation and A.S.T.M. Supercharge englne data because these data were
obtained in engines currently accepted as standards for rating fuels.

The kmock-limited performance of dimethylbenzenes (xylenes) is
illustrated in figure 3(e). In both engines, the 1,3-dimethylbenzene
blend gave higher performence than éither 1,2- or 1,4-dimethylbenzene.
The 1,4-dimsthylbenzene has an entiknock rating only slightly less
than that of 1,3-dimethylbenzene but still considerably higher them
that of 1,2-dimethylbenzene.

The trends shown in figure 3(f) for the methylethylbenzenes are
the seme a8 those shown in figure 3(e) for the dimsthylbenzenes;
that is, l-methyl-3-ethylbenzene is appreciably better than
l-methyl-2-ethylbenzene and slightly better than the l-methyl-

4-sthylbenzens. A similar result was obtalned for the dlethylbenzenes

(rig. 3(g))-
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The antilmock performence of di-substituted compounds is illus-
trated 1n figures 3(e) to 3(g). Figure 3(h) illustrates antiknock
trends for tri-substituted compounds. The 1,2,4-trimethylbenzene
blend hes & 8llghtly higher kmock limit then the 1,2,3-trimsthylbenzene
blend in the A.S.T.M. Supercharge engine but has a slightly lower
knock 1limit in the A.S.T.M. Aviation engine. The 1,3,5-
triméthylbenzene is considerably better than either of the other
trimethylbenzenes.

~ The relagtive anbiknock characteristics of all the aromatic
hydrocarbons examined are presented in figure 3(1) at A.S.T.M.
Avietion leen conditions. About 15 aromatics improved the knock-
limited performence of the base fuel. These particular blends fall
within a renge &bout seven performance numbers above the base
Puel. From these data at lean conditions, 1,3,5-trimethylbenzense
and Eégg-butylbsnzene appear to be fhe most desireble aromatics in

the 25-percent blends Investigated.

ghs!
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The aramatic blends are compered at A.S.T.M. Supercharge rich
conditions in figure 3(J). In contrast to the A.S.T.M. Aviation
data (fig. 3(i)), the 25-percent additions of arcmatics to the base
fuel caused considerable improvement in A.S.T.M. Supercharge per-
formance, from a performence number of 112 for the base fuel to
about 176:for the best aromatic. These results are consistent with
results obtainéd by other investigeabors in thatbt aicmatics In fuel
blends generally offer considerable adventege at rich fuel-air ratios
but only moderate improvement or even depreciation at lean fuel-air
ratios under severe operating condlitions. The 1,3 ;5 ~trimethylbenzense
and tert-butylbenzene blends, which have éood antiknock character-
istics at A.S.T.M. Aviation conditions (fig. 3(1)), were still
relatively high in performance at rich conditioms (fig. 3(J)) but
were exceeded. by other aromatics. Among these high-performance
eromatics were 1,3-dimethyl-5-ethylbenzene, l-methyl-3,5-
diethylbenzene, l-methyl-4-texrt-butylbenzene, and 1,3,5~

trlethylbenzens.
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In the aramatic datae Just discussed, only one trend appears

A\

worthy of mention, namely, that meta structurel earrangements are equal

to or slightly better than pars arrengements in antiknock performance

gre!

and both arrangements are considerably better than the ortho struc-
tursl arrengement. In one case (fig. 3(J)), however, the para arrange-
ment was better than the meta arraengement as shown by comparison of
1-methyl-3-tert-butylbenzene and l-methyl-4-tert-butylbenzene. EsSen-
tially the same trend is reported in reference 1 for the relatlon
among ortho, metea, and para compounds.

For the paraffins (fig. 1) increasing the length of the primary
carbon chain resulted in a decrease in the antliknock performance; -
however, for the arcmatics (figs. 3(a) and 3(b)), an increase in
length of & carbon side chein is beneficial up to a certain po;nt s
but further additions to the side chain are detrimental to the

antiknock performance.
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Ethers. - The antiknock characteristics of three alkyl ethers
are illustrated in figures 4(a) and 4(b) for lesn and rich fuel-air
ratios, respectively. At lean conditions (fig. 4(a)) in the A.S.T.M.
Aviation engine, isopropyl tert-butyl ether was appreciably higher
in antiknock value than either methyl or ethyl tert-butyl ether. ‘
Ethyl tert-butyl ether appears to be slightly higher than methyl
tért-butyl ether in this engine. In the 17.6 englne (fig. 4(a))
at both conditions, the results obtained for the three alkyl ethers
were directly opposite to those found in the A.S.T.M. Aviation engine.
Methyl tert-butyl ether was equal to or better than ethyl tert-butyl
ether and both were appreclebly better than isopropyl tert-butyl ether.
This trend was found also at the rich conditions shown in figure 4(D).

The antiknock charascteristics-of five phenyl alkyl ethers are
shown in figure 4(c). In both engines methyl phenyl ethers and
tert-butyl phenyl ether gave the lowest performance mumbers. The
remaining three ethers wers ab;ut equal in performesnce in both engines.
A comparison of figures 4(a) and 4(c) shows thet the phenyl alkyl
ethers investigated have considerebly poorer antikmock character-
istics than do the tert-butyl alkyl ethers at A.S.T.M. Aviation

condifions.
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The effects of ortho, meta, and péra. gtructural arrangements
on the antiknock performance of phenyl alkyl ethers are illustrated
in figure 4(d). The basic ether for this perticular exemple is
methyl phenyl ether (anisole), which is shown on the left side of
the figure. The additlion of a carbon etom to the benzens ring to
form o-methylenisole caused a. decrease in performence. Adding a
carbon atom in the meta or pars position to form m-methylanisole
and p-methylaenisole slightly increased the antikmock performance.
In each engine, m-methylenisole and p-methylanisole were about
equal in performance number and both were considerably better than
o-methyleniscle. This result was similaer to that obtained for the
aromatice (fige. 3(e) to 3(g)).

Several ethers containing olefinic radicels are shown in
figure 4(e). Isopropyl methallyl ether and tert-butyl methallyl
ether blends had the highest performasnce numbers of this group of
compounds and phenyl methaellyl ether the lowest. At A.S.T.M.
Aviation and A.S.T.M. Superchargs conditions, phenyl methallyl
ether was the poorest of the 22 ethers examined.

Hydrogenating the benzene nucleus of anlisole to give methyl
cyclohexyl ether is shown 1in figure 4(f) to produce a large drop in
performance number. Of the three methyl cycloalkyl ethers shown,
all of which were relatively low, methyl cyclopropyl ether wes the
highest at A.S.T.M. Supercharge conditions and methyl cyclopentyl

ether was highest at A.S.T.M. Aviatlion conditlions.
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The relative amtiknock characteristics of all the ethers in-
vestigated ere presented in figure 4(g) at A.S.T.M. Aviation (lean)
conditions. TUnder these conditions only the three tert-butyl alkyl
ethers raised the knock limlt of the base fuels. The maximum
improvement in performence number was 29 and was obbtained with
isopropyl Lert-butyl ether.

The antlknock characteristice of all the ethers investigated
are compared in figure 4(h) at A.S.T.M. Supercharge rich condlticns.
Twelve of the ethers improved the performence of the base fuel; the
greatest increase in knock-limited performance, about €63 performance
numbers, was obtained with methyl tert-butyl ether. Comparison of
figures 4(g) and 4(h) clearly shows that nine of the phenyl alkyl
ethers have much better antiknock characteristics at rich mixtures
than at lean mixbtures. It is also apparent that the methyl cycloalkyl
ethers show little promise as antiknock blending agents at the A.S.T.M.

Avistion and A.S5.T7.M. Supercharge conditions.
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Comparigon of clagses of compounnds. - As a matter of interest,

the isomers having the highest antiknock ratings in Tigures 1,

3(1), 3(3), 4g), and 4(h) have been plotted in figure 5. The per-
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formance numbers have been plotted egainst boiling points in order
to 1llustrate the most promising entikmock compounds in the boiling
range of commercial gasolines. Comperison of the curves in figure 5
is not strictly valid, inasmuch as all the isomers in a given group
of compounds have not been studied. Within the limitations of the
ipvestigation, however, these two figures do illustrate how the
antiknock characteristics of the better paraffins, arcmatics, and
ethers comparse.

By assuming the boiling renge of aviation gasoline to be
100° to 338° ¥, it is seen (fig. 5(a)) that for A.S.T.M. Aviabion
lean conditions the 05 and CS paraffine have the hlghest per-
formance numbers in the bolling range from 80° to 120° F. In the
boiling range between 130° and about 300° F, the others have the
highest performence nvmbers. Above 300° F the highest performance
nunbers were obtalned with the arcmatic blends.

At A.S.T.M. Supercharge conditions (fig. 5(b)), the paraffin
blends had the highest performance numbers in the range of bolling
temperatures from 80° to 120° F. Above 120° T the ethers had the
highest antiknock retings up to a bolling temperature of 220° F.

4t higher boiling temperatures the aromatics exhiblted superior .

entiknock characterisfics.
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Blending Characteristics

In the preceding section, the discussion of structursl trends
was based on studies in which 25 percent of a given compound was
blended with a selected base fuel. On the basis of such gtudies, it
can be concluded thet one compound is better than another or that all
campounds aline themselves in an order of antiknock performence thetb
is influenced by engine operating conditions. This situation is
compllcated, however, in that the relative order of antiknock value
of a series of compounds at & fixed engine condition is influenced
by the concentration of the compound in the blends upon which such
an Investigation is based. In other words, one compound could be
better than another if both were compared in 25-percent blends but
the reverse could be true if both wére campered in 50-percent blends.

Blending characteristics of various potential aviation-fuel
blending agents'have been the subJject of considerable investigation.
A portion of the more recent findings in such studles is reported in
references 18 to 21. The results of these investigations show con-
clusively thet compounds differ radlcelly in thelr blending behavior
as regerds antiknock performence.

In order to extend the current knowledge of blending character-
istics of fuels, data obtained in the present investlgation are

discussed in the succeeding paragraphs.
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Paraffins. - The blending characteristics of paraffinic fuels -ab
rich fuel-air ratios may be expressed by the following equation:

(references 18 and 18):

1 N N N |
:-P—-—P—-+P—-+§—+..- (l)
‘ b 1 2 3 '
where
Pb knock-limited indicated mean effective pressure of blend

Pl’PZ’P s« «Xnock-limited indiceted mean effective pressures of
camponents 1,2,3,..., respectively

Ni,Nz,NS,...mass fractions of components 1,2,3,..., respectively,
in blend '

The application of this egquation to data in the present in-
vestigetion 1s 1llustrated in figure 6(a) for the A.S.T.M. Supercharge
engine. The ordinaste of this figure is a reciprocal scale and the
abscissa is lineer. For the fuels shown, 2,2,3,4-tetramethylpentans,
2,3,3,4-tetramethylpentane, and 2,2,3-trimethylbutane, thg blending
relation with the base fuel is linear up to a concentratién of
50-percent added paraffin. Knock-limited indicated mean effectlve
pressures (fig. 6(a)) for 2,2,3,4-tetremethylpentens and 2,3,3,4-
totremethylpentene are from reference 12. Similar dete for 2,2,3-

trimethylbutane are fram reference ll.
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Although dats for these fuels at lean fuel-air ratios are not
shown herein, an exemination of such data indicated that the blending
relation is nonlinear. The authors of reference 18 attribute this
fact to the variation of the end gas temperature fram one blend to
enother. That is, for a system in which a paraffinic blending agent
is blended with a paraffinic base stock, the relation between the
reciprocal of the knock-limited performesnce and the composition will
be lineasr 1f the end gas temperature, or a wall temperature closely
related to the end gas temperature, is held constant for each blend
tested.

Olefins. - Blending data for two olefins (reference 12) are shown
in Pigure 6(b) for the A.S.T.M. Superchsrge engine operating at a
rich fuel-air fatio. In this case, olefinic blending sgents are
blended with a pareffinic base fuel and the resulting relation between
the reciprocal of the knock-limited performence and composition is
nonlinesr. The blending equation (1) is based upon one assumption,
that for the equation to apply the blends should be tested &t a
constant percentege of excess of fuel or air. The differences
between stoichiometric fuel-air ratios for olefins and paraffins,

however, do not appear sufficlently great to explain the nonlinearity

of this blending curve.
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Aramatics. - The blending relaéions for the aramatic hydrocarbons
(fig. 6(c)), like those of the olefins (fig. 6(b)), were found to be
nonlinear in the A.S.T.M. Supercherge englne at rich mixtures. With
the exception of 1,2-dimethylbenzene and 1,2,4-trimethylbenzene, all
the aromatics increased the kmock-limited performance of the base
fuel at the concentration investigated.

It has previously been mentioned that the concentration level
at which compounds are exemined may have cénsiderable effect on the
relative order of antiknock rating, as shown in figure 6(c) for
1sopropylbenzene. For example, a blend of 50 percent by volume of
isopropylbenzene has the second highest antikmock rating of the
arometics investigated; at concentrations below 35 percent by volume,
however, the performance of isopropylbenzene 1ls exceeded by that
of 1,3-dimethylbenzene, l,3-dlethylbenzens, l-ethyl-4-methylbenzense,
and. n-propylbenzens.

This result can perhaps be seen a little more clearly in
figure 7(b), in which the blending data for the A.S.T.M. Supercharge
engine sre illustrated by a bar chart. The hydrocarbons ere listed
on this chart in order of decreaslng entiknock rating, as determined
by the 50-percent blends. At lower concentrations, however, the bars

indicate a different order of rating.
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At A.S.T.M. Aviation conditions (fig. 7(a)), the variation of
knock-limited performance with composition was found to be different
from thet obtained at A.S.T.M. Supercharge conditions (FPigs. 6{c) and
7(b)). For example, the date presemted in figure 7(a) indicate that
the knock-limlted performsnce of the base fuel 1s decreased as the
concentration of aramatic is increased. Moreover, In figure 7( a)
the aromatics do not rate in the sems order et all concentratlons.

Ethers. - Blending data for slix ethers determined at A.S5.T.M.
Supercharge conditions are shown in figure 8(b). Methyl texrt -butyl
ether and ethyl tert-butyl ether have the highest antliknock char-
acteristics of the six ethers at all concentrations. Isopropyl
tert-butyl ether is also better than the three aramatic ethers at
a concentration of 50 percent; however, abt concentrations below
about 20 percent isopropyl tert-butyl ether is lower than any of
the other ethers.

The ethers shown in figure 8(b), like the olefins and eramatics,

do not follow the reciprocal blending relation defined by edquetion (1).
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The blending relations for the ethers in figure 8(b) were
investigated at A.S.T.M. Aviation conditions and the resulte obtain-
ed are presented in figure 8(a). At these conditions, the three
tert-butyl alkyl ethers all improved the knock-limited performance
of the bage fuel; the improvement becams greater as concentration was
increased. On the other hand, the three arometic ethers decreased
the performance of the base fuel; the decrease became greater as the

concentration was increased.

Pemperature Sensitivity

In order %o fletermine the effects of changes of inlet-air tem-
perature on knock-limited performence, most of the hydrocarbons and
ethers were evaluated in the 17.6 engine at inlet-air temperatures
of 100° and 250° F. These tests wers made with each compound in
20-percent-by-volume blends with iscoctane. The final blends were
evaluated at both temperatures in the unleaded stats and with
4 ml TEL per gallon. (See tables V and VI, respectively.) The
greatest portion of the temperature-sensitiviby studies of thils Inves-
tigetion were conducted on blends with isooctene. A few experiments,

however, were made 1n which the compounds were blended with the mixed

base fuel. (See table VII.)

Ene/
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The term "temperature sensitivity" has been given several
definitions by investigators in the field of fuel research; however,
none of these definitions has been wholly satisfactory. Perhaps the
date offering the most sclentlific approach to such a definitlon are
reported in references 17 and 22 to 24, but the emphasis in these
references is placed upon engine severity rather than the more
restricted idea of temperature sensitivity; that is, englne severlty
is a more inclusive term that considers other factors of engine per-
formence such as campression ratio, spark advance, engine sSpeed, and

cooling, as well as inlet-alr temperature.

35
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Considerable experimental deta are required in order to evaluate
fully the engine severity as descri't;ed. in references 17 and 22 to 24
and in moat cases during the present investigation the available
guentities of the pure fuels were too small for extensive studles.

For this reason, the sensitivity studies of these fuels to changes of
engine conditions were restricted merely to meesurements of the effect
of inlet-alr temperature on knock-limited performence. In so doing it
wasg necessary to establish erbitrarily a definition for temperature
sensltivity. This term'is defined by the following equetlon:
knock-Llimited imep of blend (inlet air at 100° F)

Relati : _ _
tzmzér:gure= kmock-limited imep of base fuel (inlet sir at 100° F)
sensitivity knock-limited imep of blend (inlet alr at 250° F)

knock~1limited imep of base fuel (inlet air at 250° F)

The term "relative" is used in this definition inasmuch as the equation
essentially describes the temperature sensitivity of the blend relatlve
to that of the base fuel. This definltion is the same as that used in

references 5 to 11 and 13. The base fuels used in this study were

peraffine and do not show high tempersaturs sensitivity.

[ FLE
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Temperature sensitivities computed by this equation for all the
compounds in the present investigation sre presented in teble VIII.
In the discussion of temperature sensitivity in the following para-
graphs and in the subsequent discusslon of lead suscepbibility, it
should be remembered that the data were obtained over a long period of
time end reproducibillity errors therefore exist. Although no exten-

s8ive reproducibility data were obtained, a few such runs indicated that

‘relative temperature sensitivities computed by the equation and rela-

tive lead susceptlbllities compubted by a similar equation may be in
error by + 0.05. .

Paraffins. - The temperature éensi'bivities of unleaded and leaded
paraffinic fuel blends in the 17.6 engine at two :Euel-a_.ir ratios are
compared in figure 9(a) and 9(b). OFf the paraffinic blending agents
investigeted (references 12 and 13), the three nonanes 2,3,3,4-
tetramethylpentane, 2,2,3,4-tetramethylpentane, and 2,2,3,3-
totramethylpentane appear to be most sensitive to changes of Inlet-alr
temperature at the lean fuel-air ratio in unleaded blends (fig. 9(a)).
At the rich fuel-air ratio, however, the differences in temperature

sensitivities among the paraffins are small.
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In figures 9(a) and 2(b), the paraffins sre listed in the same
order. Inspection of these plots illustrates that tetraethyl lead
affects temperature sensitivity. For exemple, in figure 9(a) and
9(b) the order of temperature sensitivities of the various paraffins
are obviously different at both fuel-air ratios.

As previously mentioned, a few of the compounds in this inves-

2./

tigation were examined in blends with the mixed base fuel. In the in-
vestigation of reference 13, paraffinic end olefinic blending agents
in blends with the mixed base fuel were subjected to variations of
campression ratio. By computing these data in the_manner explained in
references 23 and 24; it is possible to cempare over a reasonably wide
range the influence of engine severity on knock-limited performence.
This effect 1s determined by computa:bion of compression-alr densilties
end campression temperatures at the knock Llimit; the main assumptlion
is thet these factors aré releted in scme manner to end-gas densitles
and temperatures that cammot be directly measured (reference 17). The
compression-alr densities and temperatures are calculated by the

following egquations:

o =4alr-l) (2)
nv
a

T =Tor
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Whers
| compression-air density, pound per cubic inch
A inteke-~-alr flow, pound per minute
r campression ratio
n inteke cycles per minute
V3 engline displacement volume, cublo inches
T compression-air temperaturs, °R
T intake-gir Pemperature, 9R

V4 ratio of specific heat of charge at constant pressure to that
at constant volume (assumed to be 1.4)

Although the data in reference 13 were determined by varying the
campression ratio, 1t is-app;rent from the equation of compression
temperature that the effect of varying the compression ratio 1s
equivalent to thet of varying the inteke-air temperaturs.

The sensitivities of two paraffinic fuels (reference 13) are
shown in figures 10(a) and 1b(b) et two fuel-alr ratios in & modi-
Pied A.5.T.M. Supercharge engine. The two peraeffin blends are more
gensitive than the base fuel to changes of ccampression ratio or
inteke-air temperature, as indicated by the slopes of the curves In
figures 10(a) and 10(b). The two paraffin blends had lower knock
limits than the base fuel at severe conditions (high compression

temperatures), but higher limits at mild conditions (low compression

‘temperatures).
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Olefins. - Plots similar to those in Figures 10(a) and 10(b) are
shown in figures 10(6) and 10(d) for three olefins in blends with the
mixed base fuel (reference 13). At both fuel-air ratios, the three
olefin blends were more sénsitive to change of engine severity then
the base fuel. At the severe conditions the three olefin blends had
lower knock limits than did the base fuel, but at milder conditions
the olefin blends had higher kmock. limits.

Aromatics. -~ The temperature sensitivities of aromatic blends
determined in the 17.6 engine are shown in figures 9(c) and 9(d).

The aromatice are listed in figure 9(c) in the order of decreasing
gensitivity at the rich fuel~air ratio., As in the case of paraffins

(figs. 9(a) and 9(b)), the sensitivities were inconsistent from one

fuel-alr ratio to another. Moreover, the sensitivities were influenceéd

by tetraethyl.lead.

The most sensitive aromatics at the rich fuel-alr ratio
(fig. 9(c)) were 1,3-dimethylbenzene, l-methyl-4-lsopropylbenzens,
and tert-butylbenzene; whereas at the lean fuel-air ratio, a number of
aromatics hed high sensitivities. In leaded blends (fig. 9(d)), the
differences in relative temperature sensitivity emong the ercmatics
were not great at the rich fuel-alr ratlo, but at & lean fuel-air
ratio apprecisble differences occurred. At the lean fuel-air ratio,
& number of the aromatics had sensitivities 20 to 25 percent greater

than the sensitivity of the base fuel.

745
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t has been shown herein that 1,3,5-trimethylbenzene and
bert-butylbenzene hed higher performance mimbers than thé other
aromatics investigated at the lean conditlon of the A.S.T.M.

Aviation method (fig. 3(i)). For this reason the tempsrature sensi-
tivities of these two aromatics are of particular Interest. These

two esromatics 1n unleaded blends have temperature sensitivities equal
to or greater than sensitivitlies of the other aromstics investigated
at the lean fuel-air ratio (fig. ©(c)}. On the other hand, the leaded
blends shown in figure 9(d) indicate that the temperature sensitivity
of tert-butylbenzene is reduced considerably, whereas 1,3,5-
trimethylbenzene ls still quite sensitive.

Similarly, emong the betber aramatics at A.S.T.M. Supercharge
conditions (fig. 3(3)) were 1,3-dimethyl-5-ethylbenzens, l-methyl-3,5-
diethylbenzene, l-methyl-4-tert-butylbenzene, and 1,3,5-triethylbenzens.
As indicated in figure 9(c) for unleaded blends at & rich Ffuel-air
ratio, these four aromatice show only moderate tempersbture sensitivity
varying between 1.0 and 1.05. In leaded blends (fig. 9(d)) and at a
rich fuel-air ratio, the four arometics still exhibited only moderats

temperature sensitivity varying between 1.0 and 1.05.
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Compression-air density temperature relations were determined
for several aromatics and are reported in reference 10. The relation
obtained for three of the aromatics is presented in figures 10(e) and
10(£) in order to illustrate the nature of the results. As indicated
by the slopes of the curves in these figures, the senslitivities of
the aromatlc blends are scmewhat greaster than the sensitivity of the
base fuel.

Ethers. - Temperature sensltivities determined for six ethers
are shown in figures 9(e) and 9(f). The ethers (unleaded blends) are
1isted in figure 9(e)} in the order of decreasing sensitivity at the
rich fuel-air ratio (0.11); at this fuel-alr ratio the three aromatic
ethers appear to be more sensivive to temperature chaenges than do
the tert-butyl alkyl ethers, with the possible exception of methyl
tert-butyl ether. At the lean fuel-air ratio (0.065), anisole appears
to be the most sensitive of the ethers; however, with consideration
for the estimated reproducibility of these data theré nmey be little
real difference in the sensitivities of the six ethers shown.

Tn leaded blends (fig. 9(f)), the afdmatic ethers are perhaps
more temperature-sensitive than the tert-butyl alkyl ethers with
the possible exception of methyl tert-butyl ether at the lean fuel-
alr ratio. At the rich fuel-air ratio, anisole and p-methylenisole
show the highest sensitivities; however, the experimental accuracy

may minimize the spparent differences shown on the figures.

/348
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Coamparison of classes of compounds. - The temperature sensi-

tivities of the various classes of compounds are caupared in figure 11.
The procedure used in preparing these plots was the same as that used
for figure 5.

In figure 11 at two fuel-air ratios, the low-boiling ethers have
the greatest temperature sensitivities in the boiling range of 100°
to 175° F. Above 175° ¥ the arometics are more sensitive then the
other classes examined. In the bolling range from 300°40 350° F,

however, the ethers have temperature sensitivities comparable to those

of the arcmatics.

Lead Susceptibility

Lead susceptibilities of the various organic compounds inves-
tigated were determined in the 17.6 engine by camparing unleaded blends

(20 psrcent by volume) with blernds contalning 4 ml TEL per gallon.

o o
Data were obtained at two inlet-air temperatures, 100 and 250 F.

(See table IX.)
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Lead susceptibility, or lead response, is usually defined as
the increase in octane number or power output resulting from the
addition of a given quentity of tetraethyl lead to & fuel. For the
present inyestigatioﬁ, however, lead susceptibility is expressed in |
a mepner similar to that used for tempersture sensitivity:

Relative lead _
susceptibility

- ZPhHC/

As in the foregoing discussion of temperature sensitivity, the
estimated accuracy of these ratios is about +0.05. -

Paraffins. - The lead susceptibilities of six paraffinic blends
are shown in figures 12(a) and 12(b). In figure 12(a) (inlet-air
temperature, 100° F), the fuels are arrenged in order of decreasing
response at the rich mixture. At this condition 2,4-dimethyl-~
3-ethylpentene exhibits the greatest susceptibility to tetraethyl
lead, but at the lean fuel-air ratio 2,3-dimethylpentens, 2,2,3~-
trimethylbutene, end 2,2,3,4-tetremethylpentane have the best

regponse. The lead susceptibility is appreciably influenced by

fuel-air ratio.
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In figure 12(b) (inlet-air temperature, 250° F), the fuels are
listed in the same order as that of Ffigure 12(a), but little or mo
difference in lead susceptibility is apparent at the rich fuel-air
ratio except in the case of 2,2,3-trimethylbutane. At the lean
fuel-air ratio, 2,2,3,4-tetramethylpentane and 2,3,3,4~
tetramethylpentane had the highest lead susceptibilities.

Olefins. - A limited émount of date was obtained in the 17.6
engine to show the lead susceptibllity of olefins in 20-percent-
by-volume blends with isooctane. (See table TX(a).) For convenlence,

a portion of these data is sumarized in the following table:

Lesd susceptibility
of 20-percent olefinic
blends relative to

Olefin iscoctane
Inlet-air temperature
(°r)

250 100

Fuel-air ratilo
0.065(0.1110.065|0.1%
2,3-dimethyl-2-pentens 0.95 11.00{1.00 |0.95
2,3,4~-trimethyl ~-2-pentens 1.05 {1.05}1.05 {1.05
3,4,4-5rimethyl~-2«pentene 1.00 {1.00(1.05 [1.00

45
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Aramstics. - In figures 12(c) and 12(d), the lead susceptibilities
of aromatic blends are shown. The blends in figure 12(c) are listed
in order of decreasing response at the rich fuel-alr ratlo. 4t this
ratlo, the data indicate that l-methyl-4-ethylbenzene is the arocmatic
most susceptible to additions of tetraethyl lead. Thie particular
aromatic also had the greatest response at the lean fuel-air ra£io.
From figures 12(c) and 12(d) lead susceptibility is obviously
affected by fuel-alr ratia. -

At the higher inlet-alr temperature (fig. 12(d)), the trend in
lead susceptibllity differs from that observed at lOOo.F (fig. 12(c))
for the aromatics. For the rich fuel-ai.i' ratio (fig.- 12(4)), thres
of the aromatics, l-methyl-4-ethylbenzene, 1,3-dimethylbenzene, and.
l-methyl-4-isopropylbenzéne, appear to be the most susceptible.' AL
the lean fuel-alr ratio, however, tert-butylbenzene ls considerably
more susceptlble then the other aromatics.

Bthers. - Lead susceptibilities of the ether blends are pre-
sented in figures 12(e) and 12(f). At an inlet-air temperature
of 100° F (£ig. 12(e)), methyl tert-butyl ether ani p-methylanisole
have the greatest lead susceptlbilities at the lean fuel-air ratio.

At the rich fuel-alr ratio, methyl tert-butyl ether has the highest

susceptibility with anisole and p-methylanisole next.
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At an inlet-air temperature of 2500 F (fig. 12(f)), the three
tort~butyl alkyl ethers have the highest susceptibilities at the
lean fuel-air ratlo. The three aromatbic ethers and methyl
tert-butyl ether exhiblt the highest susceptibilities at the rich
fuel-air ratio.

Comparisgon of clesses of compounds. - In figure 13, the lesd

susceptibllities are plotted against boiling points for the iscmers
having highest lead susceptibilities in each class of compounds.

At both lean (fig. 13(a)) and rich (£fig. 13(b)) Ffuel-air ratio, the
low-boiling ethers appear to be most susceptible to tetraethyl lead
in the boiling range from 125° to 160° F. Above 160° F, the

ercomatics show the greetest lead response.

CONCLUDING REMARKS

On the basis of an investigatlon of the type reported herein, 1t
is difficult to draw any specific conclusions, inasmuch as antiknock
characteristics are influsnced by many factors. The relative order of
antiknock ratings of a series of compounds is influenced by engine con-
ditions, by the tetraethyl-lead content, and by the concentration of
blending agent in the base fuel with which a comparison is made. With
consideration for these factors, tert-butylbenzene, methyl and eﬁhyl
tert-butyl ethers, ani 2,2,3-trimsthylbutene and several nonanes were
among the best compounds in their respective orgenic classes. This

selection was based upon temperature sensitivity and lead susceptibility

as well ss antlknock valus.



48

NACA RM ESCHOZ

In an effort to generalize the data obtained in this investi-
gation, the subsequent conclusions are expressed in terms of the
relation of various performance factors to the gasoline boiling
range a8 influenced by the classes of orgenic compounds investi-
gated. TFurthermore, these conclusions must necessarily be
restricted to the limitations of this investigabion and therefore
cannot be applied without exceptlon.

Antlknock retings. -~ In the low-bolling gasoline range, the

highest antiknock ratings are among the more voletile paraffins and
ethers. In the intermediste gasoline range, the ethers excel; in
the high-boiling range the aromstics have the highest antiknock

ratings.
Temperature gsensitivity. - In the low-bolling gasoline range,

the dabta are incomplete as regerds temperature sensitivity, but
there are indicatlons that the volatile ethers are more sensltlve
to temperature changes than are the paraffins or eromatics. In the
intermediate and high-bolling raenges of gasoline, the aromabtlcs are
more sensitive to temperature than the peraffins and the ethers.

Moreover, the aromatics that have the highest antiknock ratings are

also sensitive to temperature. _ -
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Lead sugceptibility. - In the low-boiling gasoline range, the

date are incomplete as regerds lead susceptibility, but there are
indications that the more volatile ethers are more susceptibile o
additions ‘of tetraethyl lead than are the paraffins and the arcmatics.
In the intermediste and high-bolling ranges of gasoline, the
aromatics show greater lead susceptibility than elther the paraffins
or the ethers.

Lewis Flight Propulsion Leboratory,

Netional Advisory Committee for Aeronautics,
Cleveland. . _
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Lado

Engine
17.6 A.S-T.M. . A.S .T.M. Pull-acale ainglﬂ
Aviation | Supercharge eylinder
Condition '
Simulated| Simulated
take=off crulse
Compression ratio | 7.0 Variable 7.0 7 ¢3 73
Inlet-air temperature, “F| 100 125 2256 250 210
250
Inlet-mixture tempera-
tl]re, S - S el W dng i 220 O R s e ot e S S A v | e on Gl | S AL A A P B A
Inlet=air pressure Variable Atmoapheric Variable | Varlablel Varilable
Puel-2ir ratis Veriablel 80,07 Varieble | Veriable; Varisble
Speed, rpm 1800 1200 1800 2500 2000
Spark advance, deg B.T.C. 30 35 45 20/20 20/20
Coolent temperature, °F 21z 574 375 ———————— - mememm——-
Cooling=-alr temperatureP,
OF R e e b Sn Ak | .o - o e s ek i e g, | S N B B S ' b e e G g 85 85

'aApproxﬁmate.

bCooling-air flow was determined by running engine at brake mean effective

7
pressure of 140G 1b/sq in.

flow until temperature of resr spark-plug bushing was 365° F.

and fuel-air ratio of 0,10 and DY auJustlng air

S0HDSH WY WOVH

SS




TABLE YI - PHYSICAL FROPERTIES

(a)

Paraffins and olefins®

Formula Freezing| Bolling point Density at{ Refractive
Paraffins and olefins point index
(o) (°F}| (°¢) (gram/ml) n20
Paraffins
2=Methylbutane Csﬁlé -159.800| B2,14| 27.854| 0.,819867 1.,356373
2,24D1methy1butane CgH14 | =99.75 |121,.54| 49,745| 0,54917 1.36876
2,3-Dimethylbutane - =128,4]1 (136,38 57.990 +56164 1,37495
2,2, 3=-Trimethylbutane CoHyg | -24.96 |177.57| 80.871| 0.69002 | 1.38946
2,3-Dimethylpentane mavmem==(195,62| 89.79 .59512 1.39200
2,2,3=Trinethylpentane Cgll1g | -112.27 |220.72(109.844| 0.71605 1.40295
2,3, 3~Trimethylpentane =100,70 |238.57| 114.763 272620 1.40752
2,3, 4=-Trimethylpentane ~109.210| 236.25| 113.470 « 71905 1.40422
2,8,3,3-Tetramethylpentane| Cgiog -9.9 |284,41)140,25 0,7566 1,4234
2,2,3,4-Tetramethylpentans|, -121.6 |R271.42{133.01 7320 1.4148
2,2, 4, 4=Tetramethylpentane =66.,54 | 252,10 122,28 « 7196 1.4068
2,3,3, 4=-Tetramethylpoantene =1028,1 [286,77|141.54 <7547 1.4220
2, 4=-Dimethyl-3-ethyl- .
pentane wmem———— 278.111136.73 «TO79 1.4157
Olefins
2,3=Dimethyl~2-pentene CoHy4 [-119 207 97 0,728 1,421
2,5, 4~Trimethyl-S-pentens | Cgljg | ====-=-=|241.87;116.86 C.7434 1.42795
2,4, 4-Trimethyl-l-pentens -83.5 ([214,59/101.44 «'7150 1.4086
2, 4, 4=Trimethyl-2-pentene -106,4 |[220,84|104.81 .7212 1.4160
3,4, 4=Trimethyl=2=-pentene e 254 112 #7398 1,423

%pata from refersnce 15.

9s
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TABLE II - PHYSICAL PROPERTIES - Contlnued
(b) Aromatics.

Formula |Preezing|Bolling point|Density at|{Refractive
Aromatic point 200 ¢C index
(%c) (°F) | (°C) | (gram/ml) n%o

Benzene CgHg 5.49 | 176.2| 80,1 0.8789 1.5012
Methylbenzene CrHg -95.,014| 231,1[110.6 0.8670 1.4967
Ethylbenzene CgHyg | -95.025| 276.8|136.0 0.8672 1,4960
1,2=Dimethylbenzene =25.34 | 291.9(144.4 8799 1.5052
1,3-Dimethylbenzene -48,31 | 282,41139.1 «8642 1.4971
1, 4-Dimethylbenzene 13.25 | 281.,1|138.4 8610 1.4960
n-Propylbenzene CgHyo | =989.61 | 318,7]159.3 0.8620 1.4920
Tsopropylbenzene -06.,16 | 306.3]|152.4 +8621 1,4913
1-Methyl-2-ethylbenzene -80.94 | 329,2]165.1 «8807 1.5045
l-Methyl=3=ethylbenzene =95.62 | 322.,3]161.3 «8645 1.4965
1=Methyle=4~ethylbenzene =63.60 | 323,6]162,0 «8611 1,4851
1,2,3-Trimethylbenzens -25,97 349,0|176.1 +8945 1,5137
1,2,4-Trimethylbenzene -44,23 | 336.,7|169.3 «8758 1.5048
1,3,5-Trimethylbenzense -44.,85 | 328.8/164.9 «8680 1.4990
n-Butylbenzene CyoH14| -88.19 | 361.8{183.2 0.8803 1.4898
Tsobutylbenzene -51.87 342,.,0(172.2 «8527 1.4860
sec~-Butylbenzene =75.75 | 343.9|173.3 «8620 1.4900
tert-Butylbenzene =57.96 | 336,6{169.2 «86656 1.4925
T-Hethyl-4-isopropyl-

benzene -68.39 551.0 17702 «8568 104906
1,2-Diethylbenzene -32.06 | 361.8(183.2 «8797 1.5032
1,3=Diethylbenzens -84,64 | 358.,9(18l.6 «8643 1.49565
1,4-Diethylbenzene =43.,31 | 362,7|183,.,7 .8621 1.4948
1,3=Dimethyl=-5-ethyl=-

benzene -84,43 | 362.5/183.6 8647 1.4980
l=Methyl=3=-tert-butyl=-

benzene Cqi1Hyg| =41.53 | 372.6|189.2 0.8658 1.,4945
l=Methyl-4-tert-butyl-

benzene ~52.73 | 378.7|192.6 .8612 1.,42019
l-Methyl-3, 5~-diethyl-

benzene ~74,01 | 393.1|200.6 «8633 1.4969
1,3, 5-Triethylbenzene CioHyg| =66.44 | 420.6]/215.9 0.8620 1.4957

SNACGA
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TABLE II - PHYSICAL PROPERTIES - Concluded .
(¢) Ethers.
) FPormula|Freezing|Boiling point {Denslty at]|Refractive
Ether point 20° ¢ index
(°c) | (°F) | (°0) | (gram/mi)| 520
Methyl tert-butyl ether CgHyp0 | -109.00| 130,35 54.63) 0.7403 1.3689
Ethyl tert-butyl ether Cgly40 =94,44| 161l.5[ 71.93 « 7385 1.3756
Isopropyl tert-butyl
ether . CrpHy g0 -88.,10( 189.4| 87.42 07413 1.3800
Methyl phenyl ether
(anisole) ' CrHgO -37.16] 308,5| 163.63 «9939 1,570
Bthyl phenyl ether :
{phenetole) CgHy00 ~29.49| 337.9| 169.95 «9651 1.5075
Methyl p-~tolyl ether ’
{p-methylanisole) CgH100 =32.,20] 350,0] 176.69 9701 1.5123
o-Methylanisole CgHq 0 =34.,21( 341.3| 171.81 . 9796 1.5178
m-Methylanisole Cgl1g0 | =56.05] 349.8| 176453 .9716 1.5137
p-tert-Butylanisole C11H1g0]  19.11} 433.7| 228.18 .9383 1.5030
n-Propyl phenyl ether Cgly00 =27.09] 372.8| 189.31 «9475 1.5012
Isopropyl phenyl ether . CgHy20 =33405] 38041 176,73 «9405 1.4975
tert-Butyl phenyl ether C10H140 -18,38{ 8369 187 9247 1.4880
Methyl benzyl ether CgHy 00 1 =53.11| 337.8| 169.9 «9630 1.5019
Isopropyl benzyl ether Cy0H140 -67,18; 379 193 «9214 1l.4859
Methyl methallyl ether Cgly o0 -113.15} 152.3} 66.86 #7772 1.3941
Isopropyl methallyl ether | CpHj40 |==-==-==| 217.8 103,20 7753 1,4012
tert-Butyl methallyl ether|CgH;g0 -85,69] 8237 (%114 «»7853 1.4083
Dimethallyl sther CgHy 40 =57.72] 273,9| 134,40 8131 1.4285
Phenyl methallyl ether C10H120| =-33.32 8410 10 «9634 1.5157
Methyl cyclopropyl ether C4HgO cnone——- 109.§ 43.20 7839 1.,3799
Methyl cyclopentyl ether CgH10 -135,03} 21,7 105,39 +8625 1.4206
Methyl cyclohexyl ether OnHq40 ~74,39| 272,0| 133.35 «8756 1,4346

8ppproximate value (decomposed on atmospheric boiling).

W
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TABLE III - A.S.T.M. AVIATION AND A.S,T.M, SUPERCHARGE PERFORMANCE NUMBERS OF
LEADED AND UNLEADED BLENDS WITH ISOOCTANE AND WITH MIXED BASE FUEL CONSIST=-
ING OF 87.5-PFRCENT (BY VOLUME) ISOOCTANE AND 12,5-PERCENT n-HEPTANE®

(a)

Paraffins and olefins.

Performance number

A.S.T.M. Aviation method A.S.T.M,
Supercharge
method
(F/A=0.11)
Paraffins and olefins [Formuls
Unleaded|4 ml TEL/gal 4 ml TEL/gal
Volume percent Volume percent paraffin
paraffin or olefin or olefin In blend gith
in blend with mixed base fuel
isooctane
10| 20 10 20 10| 25 5o| 1o} 25| &0
Paraffins
2«MethylbutaneC CgHig === c=e|1288]{--~|115[121| 130
2,2«Dimethylbutanet CgHyg |===|====|m=wee| m=ceca| === 129 ~==| 117} 122| 129
2, 3=Dimethylbutanet e cmrn| cenre| cencne | e 129] ===|117|130| 147
2,2,3-Trimethylbutanet CyHB1g |101[/104 | 151 | 151 |124|135|142{127]146| 200
2,3=Dimethylpentane wme=)| 88 |we==-| 145 mme} 118 wwn| ece| 114} cene
2,2, 3-Trimethylpentane® CgHyg | === - -] 130| -=-| 123|141} 174
2,3,3-Trimethylpentane® - eww|124| -==| 127|138} 166
2,3, 4=Trimethylpentane® —— -l mee]| 122 ===| 118]132] 147
2,2,3,3-Tetramethylpentane® Gglgg |===| 84 |=====| 128 |===(107|=-=-|127)|156|>230
2,2,3,4-Tetramethylpentane 96| 96 145 | 133 (120(118]111}125{141} 175
2,2, 4, 4=Tetramethylpentaned —— ee={118]|=-=| 111(110] 108
2,3,3, 4~Tetramethylpentane 93] €3 | 137 | 131 117|110|106]125|143| 192
2, 4=Dimethyl-3-ethyl-
pentane ane| 88 | ====- 140 cren(]]l5|ace| ece| 127 cem=
Olefins
2,3-Dimethyl-2-pentene CrHyg [===] 78 |=====] 108 |=es|100|==c|==~|117|~~==
2,3,4-Trimethyl-2=-pentene | CgHyg 80| 77 | 127 113 §113j101| 77[11i2{104| 77
2,4, 4~-Trimethyl-l-pentene® con|mecel cancs| ecvcen| cae 105| == 131} 146] 159
2,4, 4-Trimethyl-2-pentene® s Bt et comcen|eee| 108] -«={115]118| 103
3, 4, 4-Trimethyl-2-pentene g8| 92 | 133 120 |114|/106} 88|118|108| 93
Aperformence numbers greater than 161 were determined &s follows: -

performance number = 1611mep oF 1so

fuel, 120 and 112, respectively,

imep of blend

et

octane + 6 ml TEL/gal

bp.s.7.M, Aviation end A.S.F.M. Supercharge performance numbers of mixed base

€A.3.T,.M, Supercharge data for compound determined at a commercial laboratory;
A,83.T .M, Aviation date determined at NACA Lewls laboratory.
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TABLE JTII = AS.T.M. AVIATIOR AND A.3.T.M, SUPERCHARGE PERFORMANCE NUMBERS OF

LEADED AND UNLEADED BLENDS WITH ISOOCTANE AND WITH MIXED BASE FUEL CONSIST- .
ING OF 87.5-PERCENT (BY VOLUME)} ISOOCTANE AND 12.5-PERCENT ErHEPTANEa -
Continued - -
(b) Aromatics.
Performance number
A.8,T.M, Avliatlon method AS.TM.
Supercharge
method «
(F/A=0,11) P
Aromatic Formula yn) eaded| 4 ml TEL/gal 4 ml TEL/gal =
Volume percent Volume percent aromatlc
aromatic In blend in blend with gixed
with isooctane base fuel
10 | 20 10 20 10| 25| 50 [ 10| 25 50
Benzene CgHg 96 | 98 | meamm|ewae=a| 121]|116{ 9736|125} 140 175
Methylbenzene CrHg weewl g4 | ee-ee! 139 | 121|117[113 ]128| 152|>260
Ethylbenzene Caly0 97 | 956 | m=we= 138 | 120{119| 106 |130{ 155{>260
1,2=-Dimethylbenzene 93 (86 | 136 118 | 113{105{ 84 |104]101| 112 .
1,3=-Dimethylbenzene 1100 | 98 | 150 [e-==-={ 125|123|122 |131}j166{ 297
1, 4-Dimethylbenzene 98 | 99 | 148 138 | 125|122| ===«|130] 164> 300
n=Propylbenzene CgHio 96 | 95 146 |w=-w=-=( 126(122|118 [127|152{ 205
Tsopropylbenzene 98 | mon! wmcen! cneawa] 122]122| «-==|133] 153] 284
l-Methyl-2-ethylbenzene ! woen| 86 | cee=- 124 |eece] 107 crcn| cnn! 124 men=
l=-Methyl=3-ethylbenzene memme] 95 | mm=m- 142 |wme==|l24| em=n| ==e| 168| waa-
l-¥ethyl-4-ethylbenzene 96 | 88 | wemmalemnwe=| 122(120] »-~~[134|160; 214
1,2,3=-Trimethylbenzene m—cwl 85 | mcecee 115 |ewe=|106] vmme| ==e| 104} ===
1,2, 4=-Trimethylbenzene 91 {87 | 141 121 113/101} ©7 [107]| 113} 147
1,3, 5=Trimethylbenzene wcrel ane] 150 |exemes| 123]127| «-==]|137! 168(> 300
n=-Butylbenzene CipH14 | 96 | 89 | ~www=|=~=ee==i 118|118|111 |125|135{ 156
Teobutylbenzene 97 [ 93 | meeomlweeeas]| 120(119/116 [125|144| 174
sec~-Butylbenzene 96 | 95 | 146 138 | 123|122|112 125 147] 177
Eert-Butylbenzene 98 | 99 | 151 142 | 125(127{126 [135{162| 287
T-¥ethy.-4-1isopropyl=-
benzene 98 ( 85 | m=cen|wemea=| 126{125(113 [(130[158| 223
1,2-Diethylbenzene cmen| 84 | cmcae 185 |me==|]107| weve| mew| 124| we==
1,3=-Diethylbenzene 96 [ 92 | 145 |w=rmewe|one=|123|---~]136]|185] 226
1, 4=Diethylbenzene cecwl 94 | memee| 136 |(e===]1l9|mee=]|ce=]| 163| ===
1,3=Dimethyl~5-ethyl=-
benzene rreet G5 | comen| 140 [ew=e]]l24] ccee| wee| 17]| cee=
l-Methyl=3~-tert-butyl- :
benzene C11H1ig 83 14] |====|125| =mew|==e| 169 voa=
l-¥ethyl-4~tert-butyl~
benzene el §7 | eecma| 142 |ew==|1R24| meo=|=ca] 176| em==
l-Methyl=-3,5~dlethyl~ :
benzene ) oo @5 | mem—- 140 |=e==]|1R6| m=n=|=nel]7]] weva
1,3, 5=-Triethylbenzene CigHyg |====| 83 |~====| 140 je===-=|122|ewe=|==a]l70|w===

2performance numbers greater than 161 were determined as followa:
1
performance number * 161¥pgp o r:googznle)lind g8 .

bA.S.T.M. Aviation and A.S.T.M. Supercharge performance numbers of mixed base
fuel, 120 and 112, respectively,
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TABLE III - A.S.T.M. AVIATION AND A.S.T.M., SUPERCHARGE PERFORMANCE NUMBERS OF
LEADED AND UNLEADED BLENDS WITH ISOOCTANE AND WITE MIXED BASE FUEL G%FSIST-
ING OF 87.5=-PERCENT (BY VOLUME) ISOOCTANE AND 12,5=PERCENT n-HEPTANE™ =

Concluded
(c) Ethers.
Performence number
4,8, T.M. Aviation method A,.8,T.M,
Supercharge
method
(F/A=0,11)
Ether Formula) 1 eaded| 4 ml TEL/gal 4 ml TEL/gal
Volume percent Volume percent ether in
aromatic Iin blend blend with mlxed
with iscoctane bese fuel
10| 20 10 20! 10| 25/ 50| 10| 25 50
Methyl tert-butyl ether CgH100 [100j102 149 C153 | 134 143| 150| 137| 175 250
Ethyl tert-butyl ether CgHy40 [100}104 | 157 161 | 140} 144| 150| 132|150} 185
Isopropyl tert-butyl
ether CyH150 [1037104 | 160 161 | 137{ 149| 160{ 126| 150{ 185
Methyl phenyl ether
(anisole) CrpHgO 93] 90 | 141 121 | 118{107| 94|125]142)|137
Ethyl phenyl ether
{phenetole) CgHq g0 99| 97 | 140 120 | 120f 111} 100} 128{ 1.46] 137
Methyl p-tolyl ether
(p-methylanisole) CgHyp0 | 99| 99 144 133 [ 120{112{100]| 133|145/ 136
m-Methylenisole CgHy 0 | ===| === ====e| meemcn| =ee} 110| === ==={ 1 47| ==~
o-Methylanisocle CgHy0 [~--- ——e| 82 c==|===] 94| =-=
p-tert-Butylenisole Gllﬁleo meel cccn| cccec | cecmcs]| cee| 110 mwn| ce=l 147} ==
n-Propyl phenyl ether CgH120 |===jmwme| remee| cceae o] wen! 1]10| www| ce=e|148] =~=
Isopropyl phenyl ether CgHy20 |-=- | ==={110| === ===| 150} ===
tert-Butyl phenyl ether C10H140| === ====| ====~ cmmwmne| cen| 107| me=f cee| 137} ===
Methyl benzyl ether CgH100 === -[= -==]104| ===} ===|111| ~==
Isopropyl benzyl ether C1gH140| === ====] =====| ~mo=== ce={119| m=w} === 140 ===
Phenyl methallyl ether CqoH120( =-- c=| ===l 48| ===| === 64| ===
Methyl methallyl ether CgHyg0 |===|====| =====| ==~ | men| 93| ===| ===l 92| ~=~
Isopropyl methallyl ether |CnyHy 0 |===|====j «=e==|=c-—-- =| ===| 106} ===| ===] 102] ==~
tert-Butyl methallyl etherjCgHygl |===|-===| ====- cecccal cew|106| m==| ===| LOY| =-=
Dimethallyl ether Cgly 40 [===|====| ===== —rmeaa]| can| 77| ev=| ce=] GO| co=
Methyl cyclopropyl ether |[C4Hg0 |===|==e=| emcse|c—cccc| canl 76]-==|~==| 94 -
Methyl cyclopentyl sther |CgH3p0 |===|====| ====-|eccmce|wec} 80| w==|=-w=] 83| ---
Methyl cyclchexyl ether CpHy 40 |===|====| w===e|mewe=c| o] 68| <m=| —=- 79| ===

8performance numbers greater than 161 were determined as follows:

imep of blend
performance number == lGlImep oF Isooctans ¢ 6 ml TELyZel

bA.S.T.M. Avietion and A.S.T.M. Supercharge performaence numbers of mixed base
fuel, 120 and 112, respectively.



TABLE IV - A,8,T.M,. Su?ERCHARGE FHOCE-LIMITED INDICATED MEAN EFFECTIVE PRESSURE RATIOS OF BLENDS WITH NIXED |
BASE FUEL CONSISTING OF 87,5-FERCENT (BY VOLUME) ISOOCTANE AND 12.5-PEACENT n-HEPTANE + 4 MI, TEL PER GALLON

[Standard conditions]

(a)

Paraffins and olefins.

Imep ratio®

Volume percent added paraffin or olefin in blend with mixed base fuel
Paraffine snd olefins|Formula 10 ' 25 J 50
Fuel-air ratlc
0.065) 0,07} 0,085{ 0,10/ 0.11| 0.065| 0.07|0.085| 0,10[0,.11|0.065 0;0‘7'0.085 0.10/0,11
Paraffins

2,8,53-Trimethylbutane C7H16 l.02 |1,05({1,08 [1,08(1.11|1.12 [1.21 1.86 1.29{1.30]1.49 |1.51]1.66 |1.73|1.74
2, 5-Dimethylpentane mmmon| mmme| memac] o] cees] 96 | .96 .98 |1.00|1.00|=m--- R [ oy p—
2,2,3,3-Tetramethyl- '

pentane . CgHzg ———— memn| —emm] 0,83 | 0483|1086 | 1.3 L 39| =mmmm| mmmm| == el
2,2,3, 4-Tetramethyl-

pentane 0.90 | 0.93] 1.04 |1.08[1.10| .85 +88]1.05 | 1.19{1.24]0.80 | 0,75/ 0.88 |1.46|1.59
2,3,3,4=-Tetramethyl-

Pentlﬂnﬂ , +85 .9411.08 1.09 1e]=l 87 =8Q 1.08 1—92:_5 l.28] .75 70 1.06 11.50f1.75
2,4-Dimethyl-3-ethyl- ' i

pentane 1,05 |1.06(1.07 | 1.08)1.10 mrmne| mr—e e

0lefins '

2,3-Dimethyl-2- '

pentene CpHyy |=——=- o) ————— | mmea | 0,75 | 0.78( 0688 | 0e85(1e0R| mmmrm| mormm| mrmmme| mrme | e
2,3, 4~Trimathyl~2~ -

pentene 08H16 0.84 | 0.82| 0,92 (1.,00/1.00{0.69 | 0,67 0.72 0,86|0.,93(0.59 | 0,50 0.48 |0.58}0.67
3,4, 4=-Trimethyl-2- ' . i

pentene «87 | «B71.00 |1,02{1.03] .75 | 73| .79 «91| 97| .66 .59 .59 72| .84

] W

imock=1linited imep of blend

‘. )
Tnep ratioc = yrrer-TInited Imep oF mixed base fue

with 4 ml TEL/gsl
ga
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TABLE IV - A.3,T.N, QUPERCHARGE KNOCK-LIMITED INDIGATRD MRAN EFFECTIVE PRESSURE RAYICS BLENDS WITH MIXED
BASE FUEL CONSISTING OF 87,.5-FERGENT (BY VOLUME) ISOOCTAWE AWD 12.5-FERCERT p-HiFTARE + 4 WL TEL PER

GALLON - Continued

[standard conditions]
{b)} Aranatics.

Tmep ratio®
Volume pereent aramatic in blend with mixed base fuel
Aramatilc Pormula) . 10 28 ] B0
Pusl-air ratlo
0,088| 0.07|0,085| 0.10/0.11| 0.068{ 0.,07| 0,085/ 0.10| 0.11] 0,065| 0.07| 0.085(0.10§ 0.1
Ranzana G;N 1,05 11.01|1.04 |1.05{1.07]2.08 |1,10{ 1,18 {1,15/1.,10|0.74 |0.73[1.83 |1.39| 1.5
Nsthylbenzene OqHg 1,01 [1,06{1.00 {1.10|1.15|(1.,00 (1.04/ 1,18 |1.29]1.57| 0,84 | 0.99|1.B7 |B.45| =~
Ethylbenzene CgHyg |1.08 |2.07|1.11 1,12|1.14| 1,02 | 1,08 1.8 [ 1.29]1.57(0.99 |L1.07| 1,44 |1.71| -
1,2-Dimsthylbensene .98 | 04| .98 | .92 .91 .78 | .80 .B® | .51 .91] .88 | ..73| .B7 | .956(1.004
1,3-Dimsthylbensens .08 [1.02/1.18 |21.15|1.18 .82 | ,08(1.35 |1.45/1.51| .80 | .98|1.78 |3.38]3.70
1, 4~Dimethylbanzane ————
n=Propylhenzens OpHsg 1,8
Tsopropylhensens j 2.58]
L-Nethyl~2-sthylbenzene -
1-Nethyl-5-sthylbenkons ]
1-lsthyl-4-sthylbenrene, 1.93
1,2, 3-Trinothylbenzens e
1,8, 4-Trimethylbenzens 1.34
1,3, 5~Trinethylbenzens —
n-Butylbenzsna CygHya 1.42
Tacbutylbenzens 1.59
asg~Butylbenzens 1,88
Tert-Butylbanzens 2.58
I-Nethyl-4~isopropyl-
benzens £.03]
1,2-Disthylbenxzene ——
1,3-Diethylbanzene 2,00
1, 4-Diethylbenxena ———
1,%~Dimathyl~5-ethyl-
benzens ===
1-Nothyl-3=tert-butyl~
hancene 011Hyg | -m==s[omme | mome] ] = 1,20 | 1,15{ 1.8 | 1.40] L.4B| ~==rw| cvvmim] semissam LR Bl

L-~Hsthyl~d=tert-butyl-
benrens

1=-Mathyl-3, 5-dlsthyl-

benzans

o] = | | e[ ] 1010 [ 1024] 1,88 | 1.43] 1.85] —mmmn| cmmn] cmmme| <o -2
mmrr| mme| e e mmme] 120 [ 1.25] 1,87 | 1.58] 1.50| mrmmel cman| mmmma| weee| —eem]

1,%,5-Tristhyibensens

GygHyg | =mmm=|===m] == mom=| === 107 | 1,13 1,

Lmop ratlo = pooene

Jmook-1imited imop of blend with 4 ml TEL/pal

ed Imep of mixed base Tusl with 4 ml

CHOSE W VOVN

]
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TABLE IV - A,3,T.M. SUPERCHARGE ENOCE-LIMITED INDICATED MEAN EFFEQTIVE PRESSURE RATICS OF BLENDS WITH MIXED BASE
FUEL CONSISTING OF B7.5-PERCENT (BY VOLUME) ISOOCTANE ARD 12,5~PERCENT n-HEFTANE + 4 ML THL PER GALLON - Concluded

[stendard canditions| e~/
(e) Ethers.
Imep ratio®
Volume percent ether in blend with mixed base fuel
Bther Forale 10 | 25 | 50
Fual-air ratio
0.085|0,07| 0.086|0.10| 0.11| 0.086 |0.07 |0,085|0,10|0.11|0,0€5| 0.07]|0.085{0.10]0.11
Methyl tert-butyl sther |CgHig0 [1.07 (1.01f1.11 [1.18|1.21(1.34 [1.13(1.39 [1.52]1.80]2.22 |1.44{1.85 |2.08(2.34
Ethyl tert-butyl ether CgHyg0 {1.15 [1,18{1.14 11.16{1.17|1.37 |L.15|1.25 |1.34|1.37|1.97 |1.25|1.48 |1.66(1.70
Isopropyl tert-butyl ether CrHy g0 1.13 (1,07]1.09 |1.10)1.11|1.34 [1.26(1.24 |1.29|1.35[2.5 |1.45(1.456 |1.53|1.66
Methyl phenyl ether )
{anisole) Colig0 94 | ,B511,00 |La07(1,10( 87 | 72| 88 |1.)3|L.26] 89 [ 63| 65 | .92|1.81
Bthyl phenyl ether -
. (phenetole) CgHjy g0 87 «94|1.06 {1.1111.32| ,0% -81]1,05 {1.,21]1.30] .85 65[ .64 .06|1.21
Kothyl p-tolyl ether
(p-methylanisole) CgH1g0 | +99 | (801,05 [1.13|1.16| 91 | .74| .98 [1.15(1.20| .94 | .65 .66 | .96[1l.18
E-leth:la.niaola CgHy 0 ———— el BT | JBO[1.07 [1oR1]1,.3l] smcen]| cmen]crmna | mane | e
c-Hethylanisols CgHy 0 |====~|===~| ==~==|-===| =~==| +60 | 5B} 57 | 75} +85|-~~==-= —e—f e e ————
tert-Butylaniscle B3 Ay gl| m===m| mmmm | mmsmm [ cmne] cnnae] 0BT | LOL| o84 |1o10|1,38] mmmmm| mvmm e | e e eme
~-Propyl phenyl ether Colyp0 | ====s|==me| vncen| —rex| -==~|1 ,06 1.00.1.17 1.27]|1.36| mmmmm| amr e frremcs fer e | mm
Iaecpropyl phenyl ether CoH 20 | —mn[aomefoenmn |-l -~} .09 | .0001.05 [1.26[1.86}wammn|-recforamn e Lt
tert-Butyl phenyl ether [CygHpg0|-—===|ecmmfemruclcccclacmnal .88 | 01| .92 [1.06[1.20)~=--- e e ]
Kothyl bensyl ether CgH1g0 |-———ctommm|mmmmn|meoml el 83 | 80| .95 | 96| +88)me—re|—coe| cemmm[ncnc|arna
Tsopropyl beutyl sther  CpoHp 4l ——==={==== B8 | L2571.10 [1.801.84 -——— ——
Phenyl methallyl ether CyoHy g0 ==rm=|==m=] == | === o) . 441 .38 2451 .54 |~
Methyl methallyl ether CgHy00 ——— emmlmmen| .64 | 68| L7909 | .81 .83 - ——
Isopropyl wethallyl ether |CyHyg0 |==-—=|-=m=lommne|seue] —uuel 77 ' 71| 86 | .90[ .02 | —-——
tert-Butyl methallyl sther{ CgHyg0 ftetel Rt il Eeltl R (Y- | .68 . .81 | .80{ .87 L----- Bl Ea L PN
imethallyl ether "Gy 40 [omemsfmmmefomame e mmm=[ 84 | 5B .88 | 78| 81| ———e|amoc|omram|ammn [ craa
athyl cyoclopropyl athar 94113(_) B ] D et EEL IR S5 4 E70 72 821 ARl e e e PN SN
Mathyl oyolopentyl ether |CgHyn0 [=eermw|eere|cecee]|cama] —ure| .87 61| .89 | ,78| .76 e ———
Bothyl cyclohoxyl ather Ol 40 |wweme| —mee] mnvee | cre| wecee b 85 65| .81 | .67 .70|. ——— -
. k-limited imep of blend with 4 ml TEL/gal TRACAT
Imop ratio = acke [ ep mixe ase e m
bApprox:lmta value.
* ' ;
x [ ]
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TABLE V ~ 17.6 ENGINE KNOCK-LIMITED INDICATED MEAK EFFECTIVE PRESSURE RATIOS OF UNLEADED BLENDS WITH ISOOCTANE
[gcmpresa:l.on ratio, 7,0; engine speed, 1800 »pm; coolant temperature, 212° F; spark esdvance, 30° B.T.G.]
(a) Yeraffins and olefins.

SOHDSE WY VOVN

Imep ratio®
Inlet~ailr temperature, 2500 P Inlet=-alr jemperature, 1000
Paralffins and olefins|Formula Volume peroent'added paraffin or olefin in blend with 1sooctene
10 25 50
Fuel-alr ratlo
0.065]0.07]0.085[0.10] 0.11] 0.085| 0.07] 0.085] 0.10]0.11 | 0,068} 0.07|0.085]0.10]0.12
Paraffins
2, 2, 3=Trimethylbutene CqHys | 1.02 |1.08|1.05 |1.00/1.10[1.08 |1.07[1.00 |1.17[1.20] 1.16 [1.18[1.21 [1.20]1.20
2, 5~Dimethylpentane ———— «85 «H6} .94 «94| .94 «93 «95| .85 254| 483
2, 2,5, 3-Tetramethyle _ )
pentane Gglgg | ~==-- e | mmme w112 [1014[ 1,20 [1.32[1,31] 1.23 |1,22}1.27 |1,27|1.27
2,2,5, 4~Tetramethyl-
pentane 0.98 [0,96({1,01 |1.,11{1,13( .91 911,00 [1.15|1.22| 1,09 {1,10{1.156 [1.R81|1l.22
2,5,5,4~-Tetramothyl~ : .
pentane 97 «98[1.03 [1.06{1.13]| .95 «98|1.07 [1,16|1,287] 1.17 |1.,19{1.22 |1.27|1l.R7
2, 4~Dimethyl=3=sthyl-
peatane = | | =mme- el e m=~=j====| .98 [1.00[1.00 [1.01|1.00| 1,05 |[1.,02{1.02 | .08| .97
Olefine
2, 3-Dimethyl-2-
pentene OpHyg | ==ee- 0.99 (0.99(1.01 |1.08{1.15| 1,14 |1.12]|1.17 |1.25(|1.27
2,8, 4~Trimethyl-2=
pentsne CgH1g | 050 [0.80 0,85 |0.01|0.96(10.79 [0.75|0,78 |0.88|0.80| 0.95 |0.,95|0.86 [0.99|1.02
3, 4, 4=-Trimethyl-2~ , ;
pentene «96 .98 .99 |1,00/1,06| .93 +94| .94 «.9811.06| 1.05 +04|1.08 11,16|1.20

a knock-limited imep of blend
Tmep ratlo = ek -TImlted Imep og 1scoctane

4]
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Imep patlioR

Inlet-air temperature, 2609 F

| Inlet=~air temperature,

Volume percent aromatio in hlend with isocotane

)
Aromatic Fornula 10 1 25 ] . 50
Puel-air ratio
. 0,085/ 0,07| 0,085| 0,10]| 0.1} 0,07| 0,085 0,10]| 0,11 0.0651 0,07 0.08%5| 0,10

Benzene CaHg 1,00 |1.0L)1.08 |1.03|L.04 Lo0L) 1,08 |1e10{1.,17 1.08 |1.08]1.08 | 1,18
Mathylhansene OyBg  [1.04 [1.08(1.05 [1,08[1.12 1.08|1.11 |1.e1]1.26 1.05 [1.07|1.18 |1,
Ethylbenzene Cgyn- |1.02 |1.02/1.04 |1,11]|1,18 1.00]1.07 |1.81 1.3]J 1.19 {1.81]1.B8 |1.55
1,2-Dimsthylbenzene «090 | JOB6] 98 | J97{1.00 «88| .87 | 05| .99 .97 | .88]1.00 |1l.08
1,5-Dimethylbensene 97 »98| 1,08 |1,07(1.08 .94|1,08 |1.14|2, l.14 |1.15|1.B2 |1.35
1, 4=Dimethylbansenge 1.01 |1.01/21.10 |1, 1.)4 1.04/1,15 |1.86|1.30 1.15 |1.20|1.89 |1.54
n=Propylbenzene Ggya |0.99 |0.95|1.00 |1,10|1.16 0.00(1,08 |1.15|1.85] l.l4 [1.14{1.,19 (1.30
Tsopropylbmzete 1.01 |1.00[1.09 |1.14]/1.16 «98|1.07 [1.20|1.29] 1.15 [l,R0[1.29 11.33
l-Mothyl-2-~ethylbenzene —— r— | ——— 1.01]1408 [1.07|1.10 1.03 |1.04|1.09 |1.08
l-Methyl=-3«ethylbenzene ——— ———| ———— 1.111.2] {1.809{1,33] 1.28 |1.,51{1.538 |l.41
1-Methyl-s-sthylbenzene 1.00 |1.00{1.05 |1.08|1.09 1.00{1.11 {1.14{1.18] 1.0l |1.03{1.11 |1.17
1,8, 3-Trimethylbensens | — —— | 07| .99 [1.00}1.02] 1.04 |1,05/1.06 [1,07
1,2, 4~-Trimethylbsnzane =91 «93| 05 «99{1.01 86 01 «88{1,05 98 «95|1.08 |1.07
1,3, 8=Trimethylbansena «96 «98(1.08 {1.15|1.81 +96|1.08 |1.27f1,48] 1.15 [1.16]1.3F [1.40
n-Butylbensens Oyofaa | 0.95 |0.98l0.07 |0.99|1.08 0.96/0,96 [0.99l2.04| 1.04 [1.05/1.08 |2.10
Jaobutylbansene «88 98] 99 |1.08(1.07 04| 06 |1.05(1.11| 1.10 |1.11)1.15 |1.1¢@
‘sec~Butylbenzcne 88 11.00]1.06 |1.08|1.10 «99|1,08 |1.16/1.36| l.14 |1l.]12|1.16 |1.23
Eért-Butylvenzene 86 |1.00/1.05 |1.,12(1.19 #85|1.00 {1.135|1.87| 1.24 [],25|1.33 |1.41
I-Nethyl-¢-1nopropyl-

hanzans s98 1 e9i1.ns 11 .4710.10 L£511,08 12,1010 201 1,14 11,1413 21 11 .22
1,8-Diethylbemrene | = = 0 |=w=e— | cvmn] e ————— 1.01]1,05 (1.08/1.11| 1.04 |1.08|/1.11 |1.11
1,5-Disthylbenzene 1,01 |1.01|1.08 [1.12|1,1% 1,04|1.11 |1e84]|1.38] 1.B7 [1.27|1.,39 |1.48
1, 4-Diethylbenzene R Juvuivint PP futmy J 1,121,835 |1.34|1.41] 1.32 [1.23[|1.4% [1.44
1,5-Dimnthyl-5-sthyl-

bengenp @000 | . [emew- o] o] r——f———— 1,07]1.,17 [L.R4{1.29] 1.24 [1.B26]|1.31 |1.35
l-Nethyl-5-tart-butyl- .

benzena G181 | ===~ oo | mmm——] ——— e 1.1611.88 [1.36|1.37] 1.30 [L.35|1.57 [1.39
1-Nathyl)-4=tort-butyl-

benzene @ meman| e cemee] pe | =—— 1.14[1.88 §1.31|1.57| 1.31 [1.52]|1.57 |1.40
1-Bethyl-3, 8-disthyl-

benszons e | morr| @ —— ] —— 1,11]1.85 |1.56]1.44] 1.50 |1.56]1,48 |1,61
1,3, 8=Tristhylbanzena [G1oHio |evorwl cerelmeeeel cmae (—-— 1.00i1. 00 11.3111 421 1.36 11 2711 48

a - knook-1imited blend
, Tmep ratio = Eer-EEIt.oE Tmsp iy rﬁoocme

49
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TABLE V - 17.8 ENGINE KNOCE~-LIMITED INDICATED MEAN EPFECT
Conclude

IVE PRESSURE RATIOS OF UNLEADED BLENDS WITH ISOOCTANE -
uded

E}ompression ratlo, 7.0; engine speed, 1800 »pm; coolant temparature, 212° F3 spark advance, 30° B.'I'.C.]

(¢) EBthers.

Ether

Imep ratio®

Inlet-alr temperature, £50¢ F

Inlet~air temperature, 100©

Volumne psrcent ether in blend with iscoctane

Pormula

10

20 20

Fuel-alr ratle

0.10| 0,11]0,085| 0.07]|0.085] 0,10| 0.11| 0.0685]0,07 0.085| 0,10 0,11

Methyl tert-butyl ether

Ethyl tert-butyl other

Isopropyl tert-butyl
ather

Methyl phenyl ether
{anisole)

Bthyl phenyl ether
{phenetole)

Methyl p~tolyl ether
(pmethylmisole)

CeHyp0 [1.12 |1.09|1.12

1e16]1a16(1al5 [1.14;1,20 | 1.34) 138 1426 |1.28]1L.36 [1l.37| 1435
1.20[ 1,211,284 |1.26[Le28 | Le37|1e46| 1.53 [1.32|1.31 [L.35/1.37

19 |16l
1.10{1.15|1.1% | 1.10{1.09 |1.,20(1.32] 1.28 [1.27,1.268 (1.31]1.34

1.16]|1.18|0.27 |1.24(1,17 {1.31|1,40] 1.40 |1.57|1.35 {1.41{1.41

1.18|1.21|1.20 |1.14|2.17 |1.28]1.3B8| 1.29 |1,20(1.34 |1.42|1.44

knock-limited imep of blend
a
Imep ratio = ook & ap ol lsooctane

Z0HOSE WY VOV
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TABLE VI -~ 17,6 ENGINE ENOCE-LIMITED INDICATED MEAN EFFRECTIVE PRESSURE RATIOS OF BLENDS WITH ISOQCTANE + 4 ML
TEL PER GALLON

E.':ompreasion ratlo, 7.0; engine speed, 1800 rpm; coolant temperature, B12° FP; spark advence, 309 B.T.C.]

(a)

Paraffins and olefins.

Imsp ratloR

Inlet-air temperature, 250° F

Inlet-alr temperaturs, 100° F

d with izcoctane

Paraffins and olefins Formmula 10 20 20
Fuel=air ratio
o.oeﬂo.ov]?.oag[p.m]_o.ub.oss o.o-rlo.oeslo.lo] o.11J o.osalo.ovlo.ussio.loh.u
Pereffins 7
2,2,3~Trimethylbutane C'THlG 1,08 1,09 1,10{1.13 ]1.16|1.28 l.24| 1,20 |1.19|1.28 [1.20[1,19
2,5=Dimethylpentane +96-1 07| .98 98| .98 |. 97| .97 | .96] .95
2,8,3,3~-Tetramethylpontane|CgHoq 1.19 |1.18]|1.31 1.32( 1,23 |1.25(1.28 |1.29|1.29
2,2,3,4~Tetramethylpentane |1.08 1,04 | 1.11|1,.04 |1.06]|1.10 1.25| 1,17 |1.18(1.21 |1.21{1,19%
2,3, 3, 4-Tetramsthylpentane 11.05 1.09 1.17|1.10 {1.10]1.156 1.27] 1,17 {1.18{1.20 |1.20|1.19
2, 4=Dimethyl-3-athyl-
pentane - - ‘me==!1,01 {1.,01(1,08 .99| 1,00 |1.01]1,01 [1,0)]|1.00
-0lefins '
2,3=-Dimethyl-2-pentene CyHy4 - 0,95 [0,9511.00 1,16| 1.14 |1.14|1.19 [l.24[|1.B5
2,3, 4-Trimethyl-2-pentene [CgHys [0.91 0,89 0.87{ 0,81 |0,81[0,78 0.82| 0,95 [1,00{1.00 |1.05{1,09
3, 4, 4=Trimethyl=-E8~pentene . +97 1.06| .93 A2 .92 1.07 «10 {1,10(1.10 |[1l.156(1.18

nook~limited imep of blend with 4 ml TELQ%
a‘.l:mop ratio = ok = ep of Isooctane T
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TABLE VI - 17.8 BNGINE KNOCE-LIMITED INDICATED MEAF EFFECTIVE PRESSURE RATIOS OF BLENDS WITH ISCOOTANR + 4 MU TRL
ont

20HCSE W VOVH

FER GAILCR -~ Inued
EBomprezsion ratlo, 7.0} engline spead, 1800 rpm; coclant temperaturs, 212° F; gpark sdwance, 30° B.T.G,]
prODIPTSEELoR PALLE, VeV, |8 R | it ] = H L v i sy
{(b) Aromatios.
Imep ratlc?
Tnlat-air temperature, 850° F IInJ.ub-l..Lr temperaturs, 100°
Volume percent aromatioc in blend with lsocotane
Avamati Formule 10 [ 20 | 20
’ Fuel-air ratio
0,0565|04,07]|0.,0B5|{ 0.10|0.11]0.085]0.07 [0.088|0.10{0.11| 0.085|0.07|0.085|/0.10}{0.11
Benxene GgHg 1.00 |1.02(1.068 |1.08[1.02]|0.9¢ [1.04(2,10 |1,14{1. 17| Leldl [1411{1el7 |1421)1.83.
Methylbonzene CyHg 1.0L |Le05(1,04 | 1,00 (110|105 [1,07 1011l |1.19|Le26| 1el3 [1,17|1.B3 |1.20|1,51
Ethylbenxene CgHyg | 107 [1.07 1,08 [1,10|1.13|1e)4 {1,117 (1B |1,31|1,36| 1.B® _1.35 1.38 |1.37|1.58
1,8«-Dimesthylbenzenes 89 «91| .B8 87| «88] 77 88| 84 83| .68 81 82| B4 86| <87
1,3-Dimethylbanzens 1407 [1.00[1003 |1.19]1e83]2,28 [1.16(/1,20 |1,41]).46] 1.28 |1.,20|1.44 |1.48/1,61
1,4=Dimethylbenzene 1.04 (1.08[1.18 | 1.14[1e18]|1.05 [1a15 1625 |1e34[1a4l]| 1.85 |1.28|1ed2 |1.47|1.48
b-Propylbsnzens Qg g 1.05 [1.06/1.09 |1.14|1.18]|1.11 |1,15]1.81 |1.29|1.38| L.04 |1.35|1.428 |1.36]1.51
Taopropylbenzons 1.04 {1.10{1,18 11.16/1.20]1.10 |21.2812.18 |1.31]2.58] 1.55 |1.56|1.56 !1.38l1.41
l-Iathyi-B-ethalbon!ene et | wen | o] e |ema ] 06 |1,00]|1.05 [1,00]| 0B8] 1,00 |1.00/1.01 (1,00 .00
l-Nethyl-3~ethylbenzenes | men | e v m——-]] 26 [1.52 (Le29 |L.46|1.46| 1,42 (1.46(1.52 |1,.48|1,.47
1-Kethyl=4~sthylbenzeane 1.05 (1.04(1.14 {1.17(1.280]1a01 [1.182 281 |1e33|1e41]| L4354 (1.55(1.45 |1.48|1.41
1,2, 3-Erinethylbanzene =i | 2oa| i 2 [onee | lms | | O00 | TuB0| 01| Tuey |T.e8| s | .es| o4
1,2, 4-Trimethylbenzene .91 94| 87 20b| #94| oBO <88 .06 WU V4 88 90| .94 oHid| JHD
1,5,5-Trimethylbenzene 1.00 |1.08|1.12 (1.18|Lel7|Le02 |1.07[2e24 |1.40]1.47| 1.86 (1,20|1,.,40 |1,66|1,68
n-Butylbanzens 010314: 1,01 [1.03(1.04 |1.05|1.06|1,02 (1.04|1.07 |1.10|1,11]| 1.10 |1,11{1.13 |1.14|X.14
Tnobutylhmlano 1,08 {1.08(2,09 |1,14|1,15(/1,14 |1,15().18 |1.25().829] 1.20 [1.28|)1.23 (1.26|1l.B4
sou~Butylbenzene 1,00 |1.08]1.08 |1,14]|1.17]1.156 [1.13|1.80 [1.89(|136| 1.288 |1.28]|1.50 (1,51]|1.3%L
Tert-Butylbenzene 1,12 |1,12]1.12 (1.16|1.1B|1.32 [1.30(1.31 |1.36|1.4| 157 [1.36{1.50 |1.4)|1l.4%
I-Wethyl-d-1sopropyl-
benzano 1.08 [1.0B|1.13 |1.17]1.19[).12 |1.13(}.32 |1.39|1.456] 1.30 |1.38|1.43 [1.48]|1.43
1,2-Disthylbenzane mrnen| —mm—| cemae| —esa e |],00 [1.08().07 |1.11]2.10] 1.11 |1.10]2.11 |1.10|1.08
1,5-Diethylbanzens 1.08 |1.11]1.18 {1.22|1.85]1.17 |1.86(1.33 |1.48|1.54] 1.456 |1.,47|1.53 |1.53]|1.563
1,4~Diethylbenzene | = |==w=a cmme | mvmen] e | e e (1,35 (187 (152 | 1.48|1.45( 1.40 |1.47|1.55 |1.49]|1.47
1,5-Dimethyl-5-athyl-
benzene | memee | meesfmsmee sma= === 11,17 11,84 (L.35 1.3011.38] 1,30 (1.4611.5% [1.46{1.42
1-Eethyl-3-~-tart-butyl-
benzane cllHlﬁ e | m———] ———] e fenae (L 22 (1424|1038 |1.41|1.48] 1.56 |1.40{1.45 |1.47|1.45
l-Nethyl-d=-tert-bubyl-
benreana mrmma | | | e e [ 1,25 |1 86 |1e38 (1e36|1.36] 1.37 |1.40|Lle44 |1.46{).45
1-Nethyl-3, E-dlsthyl-
benzana et |l e veam| wmne fonwe | 1,38 | L.BB|1a36 |1e4d|1.D0| La47 |1.54|LoB2 [1.56{1.54
1,5, 5=Fristhylbenzens 012513 ----- ——| ——— =—we |==-=11,20 11,.241,35 |1.491.51| 1.49 |1,58|1.59 |l.53|1.B3

Atiep ratio = ‘k):elogblmitad imap of blend with 4 ulnTH- .v.

és




TABLE VI - 17,8 ENGIRE KNOCK-LIMITED INDICATED MEAR EFFECTIVE FRESSURE RATIOS (F BLENDS WITH ISOOCTARE + 4 ML TEL
PER QGALLON = Concluded

[Compression ratio, 7.0 engine spesd, 1800 rpm; coolant temperature, 2129 F; apark advance, 30° B.T.cj

0l

{¢} Bthers.
- Imep ratio?
TrnTab.ondw Fommanmadisma CRAO B Tl ndk_adw Srmmanndnuwa 1AW0 D
LA AU LTaLL UHNNTLIRUWL Gy MUV AL TDULSALL UERHPOL AL By W &
Volume percent ether in blend with iscoctane _
Ether Formula 10 [ 20 | 20
Fusl-alr ratio
0,065|0.07)|0.085|0.,10|0.,11] 0.0656{0.07|0.085 D.Id 0s11| 0,066|0,07|0.085| 0,10(0,11

Methyl teri-butyl ether;CgHi90 | 1.14 |1.15(1.19 |1.81(1.228|1.26 ]1.,26(1.32 |1.42(1.45 1,41 [L.435{1.45 |1.47]1,.48
Ethyl tert-butyl ether |CgHy40 | 1,15 [1,13{1.12 |1,15|1.15|1.41 |1.39|1.37 1.37{1.36 1.41 [1,42{1.40 [1.37]{1.33
Isopreopyl tert-butyl

othar CqH1g0 | 1,13 [1.11|1,13 |1,15|1,15(1.38 |1.27|1.24 |1.27|1.27| 1.33 |[1.35[1.3) |1.87|1l.24
Methyl phenyl ether

(anisole) CqHgO | 1.07 |1.07)1.07 |1,15(1.16|1.16 |L.14|1.1]1 |1.R6|1.37| 1.34 [1.33|1.33 |1.39/1.40
Ethyl phenyl ether

(rhenstole) CBHIOO 1,11 [1.09(1.15 |1,18[{1.18[1.28 |1,25|1.80 [1.39|1e4b| 144 |1.43|1.43 {1,44|1,.45
Methyl p~tolyl ether )

(E-Ne ’lmisole) GBHIOO 1-12 1.12 1.16 1.26 1.29 1.16 1.17 1-25 1-36 1-*3 1-45 1.41 1-40 1.45 1-48
a lmock-~limited imep of blend with 4 ml TEL
“Imep ratio = IHock- s ep of lsoociens Eo.

gCHOSE WE VOVN




PABLE VII = KENOCK-LIMITED IRDICATED MEAN EFFECTIVE PRESSURE RA%I10S OF DLENDB WITH MIXED BASE FUBL CONBISTIRG OF 87.5-PERCENT-(BY
VOLOME) ISOOCTAME AND 12,5-PHRCENT n-EEPTANE + 4 Ml: TEL PER GALLON

[For 17.8

B.T.0,; cool
scale 8
ture, 3L o]

{a} Paraffins snd olefins; 25 volume percent blanda,

ins: ooapression ratio, 7.0; engine speed, 1800 rpm; coolant tamperaturs
eing‘la-:;gindor at simulated tl‘:;-oi.'.h cauproasion matio, 7.3} 0 r

ing-air flow suck that rear-spark-plug-bushing temperature

3859 P at 140 bmep and 0,10 .
8-cylinder engins at simulated crulser mems conditions as for take-cff oxpapt for uggino -p;.a,rg%?fpf'ﬁat-m tempare-

£12° Fi apark advance, 30° B.T.C. For full-secal
engine speed, 3600 rpm; inlet-air tamau-ah’n-e, i n0o,

E5Q° F; apark advanse, 20°
fulle

For

Imep ratlo®
17,6 engine Full-scale aingla-ayiinder eagins
Inlet-air temparature, Inlet=air temperature, Simulated tako~orf Similated oruise
Paraffine snd olefins |Forsmla £50° ¥ 10009 F sonditlons sonditions
: Fual-aixr ratic
0.088| 0,07]0,085[0.10] 6.11] 0.085] 0.07] 0.085] 0,10 0,31 ] 0,085[ 0.07 | 0. 085 ] 0.20[ 0,11 [ 0,085] 0,07 0085 [0.10 .22
Paraffins

2-NMothylbutans OgHyg | =mmemn]| mmmr | warim | s 2mn —— v mmem | 1,07 1,05|1.14 [1.10(1.00]2.20 |1.12[1.24 (111 p.o7
8, 8-Dimathnylbutane Oglyy |==m=r] === |==—n] =] === ——— mmmw| moee]1,15 |1,10)1.08 [1.,07|1.05]1.10 |1.15 1,10 |1.07 L.07
2, 3=-Dimethylbutans ——— et | i m———— mmme| emma (1,87 |1.25(1.19 |1.12(1.10{1.87 |1.R6(1.19 |1.1%5 [1.08
B,2,5-Primethylbutene (Ol |1.24 1,24(1.38 |1.30)1.228|1.88 |1.20|1.31 |1.3)|1.88|1.30 |1.31|1.54 {1.28|L.27|1,35 |1.31|L.28 [1.50[L.85
2,3-Dimathylpentene 1.08 11,031,068 |1.0410,02 —-— B I L] L B P —— e —— -
8,8,5=Trinathylpmtane |Oghyp | =-===|=m=s|=mmms| mmen] mmme] mmwem]| e | — e | e} e 1.28 |1.28{1.27 |1.25|1.E5]|1.27 |1.26|1.86 |l.28[1.24
2,5, 53~Trimathylpentana it [ mmr ) = | ]| vvan | vep-] mm—-| -] -] .—--]1,26 [1,81(1,28 |1.21|1.20{1,19 |1.80|1.,18 (l.RB|lL.81
2,3, 4=Trimethyl pentans m———amfeene| ce——— mome| e | mmere| merme | | e e [ 1,18 1406|1418 |1.17|1.15|1.17 [1.16(1.17 |1.18 |1.14
2,8,3,3-Totrsmsthyl~

pentane CoHpp | 1.B6 |1.26|1.35 |1.39|1.37 ——— el B B R B e B Bl R L el Bl et
2,8,5,4-Tetramathyl-

pantane 1,18 {1,10[1.16 {1,85)|2.26|1.20 |1.R1|1.84 |1.RB4|).B4|=mmr=|~emn |memme | comm | ceee]| 1,88 (1,801,286 |1.B9|1.83
8,3, 4, 4-Tetramethyl~

puatene mmmme| | ————] ——] —— —— mmmm| e [1,14 [1,08 (0,80 {0:0011408|1.06 [1.05| .98 |[1,00]|1.00
a,3,5, &-Tetrameathyl-~ -

pontene 21.15 (1.11]1,19 |1.20|1.30(1.88 |1.88|1.B7 |1.30|1.8B| ~u-mm| mean fummue | ceun]|maea|1,8% {1.16(|1,21 |1,87]|1.88
2, 4=Dimethyl=-S-athyl-

pentaie 1.04 [1.06/1.08 |1.08(1.07 —_—— RNV RO [ P PR i e | st te| s [ mmm | m———

. 0lafinas

2,3-Dimethyl-R-pantens |CoBy . [1.05 11.0711.12 |1.16/1.20 —— | | e [ e [ | s s e | e e [ e | e ] e
2,3, 4-Trimothyl-2~ )

pentenes CgHyg |Ce94 |0.04]|0,94 10.98 1.05/1.18 [1.31]2.11 |1.14|1,18] | mmwmleuren [maneleees 10,08 |0,08[1.06 |1.00]1,04
9, 4, 4-Trimethyl-1-

pantems SRV RSSO PN P, ———- el emmel1.04 11.02(0.0¢ 123800 5700 28 |1 a3l1.20 la.3sii.s3
2, 4, 4="triuathyl-2-

pontens et | e |t | cmnn | ———— m—r —ewn| wmwufl 06 |1,01(1,08 |1,12|1.2L]|1.R25 {1.20]1.17 |1.128(1.15
3, ¢, 4-Trimethyl-2-

pentane OV [1.0111.04 [1.10|1.13|1.85 |1.8R8|1.,80 |1,83{ 126 |rmmme| ~onm |ewmcn |eanm | ewna (1,18 |1,12]1.17 [1.15]|1,12
a imoak-1imited of Plend with 4 wl W
Imep ratlo = Lo u  Tnited [ ed basa fusl w

Z0HOSH W VOVH
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TABLE VII - XNOCK-LIMITED IADICATED NEAN EFFECYIVE PRESSURE RATIOS OF BLEADS WITH WIXED BASK FUKL OOESISTING OF O7.3"PERCENT {EY WOLIRME)
TI0OCTARE AND 18.8-PERCENT n-HEPTANE + & ML TEL PER GALLON - Sontinued

{b) Aromaties; 26 volums percent blemds,

foae 177 &
wonr 178

singla-cy

ansinae

=ion reklc,
reasion yafil

or l': li.m].n.ted balr.l-arrl

7 Ds amcl;e =nand
H NS PSS,

oaaprowsion ratlo, 7.0} epgins sposd, 2500 Ipm}
B.T.C.] ccoling=-mir flow Bsuch that pear-apark-plog-bushing tewperaturs ogoals 355° F at 140 bnw)

1200 rpm: somlant tompematmns
sonlant SSEpsralrs, O2X

arol ?y =
inlet-ad.

na
pars
r

t-n
p acd 0

iy

a n

mp ur:‘u';' 260° ¥; a;pnrl: advanne, 200
10 rue:l.-uir ratlo.

Bom fald_anale
1ULL=S0ELE

For full-

scale ui o-qliu.ﬂur angine at slmulated cruise: same conditions as for tmks-off excepi for mginu apaed, POOC rpr; inlot-air tempers~
tare, £1
. Imep ratio?
17.8 sngine Fullesoals single-oylinder engine
Aromatis Formula| mMmleteslr tﬁrmtuz-, Inlet=air tﬁerlbnr., Bimmlated telko—oll Simulated oruise
280° ' 100° : canditions conditions
. Fusl-air ratlo
0,068) 0.07/0.085| 0,10 0.11] 0.085] 0.07{ 0.086 [0.10(0.11] 0,085]| 0,07 0.086| 0,10/0,11| 0.066]0.07]0.085]0.10(0,11
Bmpmo CoFy 1.04 |1.08]1,15 |1.22|1.80{ 1.18 |1,R1|1.35 1.R7]1.26|0.97 |0,93|Ll.14 |l.19|1.20| 1.20 |1.19)1.17 [1.23]1.25
Nothylbenseas CqHlg reme e e e e[ e || -[1020 [1.18(1.41 [1.402.38 | 120 [1.302.40 [1.40|1.0e2
enams CgHyg —— | mama| e | ———] —— 1,18 [1R31.35 [1.36|1.84 ) 136 |1.30|1.45 |1.39]1.38
1, 2-Dimethylbenseng " |0.81 | 0.84|0,69 |0,91| 0.82| 0,89 (0.9010,92 |0,9R|0,04] 77 | 71t 98 | 99| 09| 77 | 82{ 898 | 99| ,
1,3—Dd.m-ﬂu‘1ben:m 1,31 11.22]|1.46 |1.53|1.84) 1,34 |1.59]|1,51 |1,58|1,87|--re=|ecs|wrmnn| cccnlrrra | wmmee]veee --—-\_i*- ————
1, é-Dimethylbonzene — | mmme] evmm]| | —w—————— =11,19 |[l.21}1,55 |1,84|1.64| 1.5 |1l.31]|1.88 «6811.58
Cgihg [1.2% [1.84/).31 |1.51|1.3412.34 [1.56(1.39 |1,38(1.40|~———=|ame e |mmea | 1,47 (L, 45|2.48 |1.40]1.38
lblnune 1.85 [1.,27|1.40 |1.45]1048] r-me]| mme]| commm | v | e | 125 |2.87]1.30 |1.47|1.45] 140 |1.38{1.58 |1.42|1.82
l—lc =gmathyl- .
benzens 1,08 |1,08(1,.08 [1,08(2,08] rrece| —re| mimer | noris | o | v e e | mmee | e [ | mrme | s | e [ | e
1—loﬂv1-a-ou:;1-
134 [1.45[1.54 [1.56]1.57] remmm| e [ mmmorm [ o [rmere | e [t [ =i} e [ [ e s | s [t [
1-noum.--|-aun1-
1,06 {1.09|1.25 |1.41(2.48|1.35 [1.35|1.659 (1.50]1.68f1.19 |1.18,1.50 [1.68[1.58 | 1.55 [1.B2|1.85 |1.86|1.p8
1, R S-Trimnthyl— :
-7 I QYY1 (TR [UPTRY JEE Y Uy — - — mmme | com— ) emna
1,2 4—".‘!1'.0111:1— i
¢0%ene .68 | 9211.00 |1.08 l-Oﬁh W96 | 991.04 N.041.05[ .88 [ 87[2.12 [1.10[2.10 T4 | O7(1.056 (2.08[1.07
1,3 S=Trimethyl- Ll
benzene 113 |1.22]1.46 [1.58[1.86| wemmm]wmen | cemsew foeem |mmae|1,19 [1,25(1,85 [1.72{——| 1,34 [1.20]1.54 |1.82]1.84]
p-Butylbensans 6oR . 11.08 11 04l119 11.3sl10a8l508 Daoiada 3y otalaeleeeon ool a3 1303003 20 13 aly 1e
Tschutylbenzeno ¥ 11,09 |1.13[1.18 |1.23]1.28{1.27 |1.27|1.88 |1097)1.25]|~—n |- — || 188 |1.21]1.36 |1.3e[1.50
aeo-Butylbminons 1.82 11.82(1,87 |1.33|1.41]1.31 (1.52]|1.38 [1.40(1.40[2.18 [1.11|1.4€ |1.35)1.38 | 1.34 |1.54|1,37 [1.%8]1.56
ert-Butylbonseas 1.24 |1.8211.34 |1.42[1,44{1.46 [1.52{1.54 (1.54(1.64]|1.24 [1.50(1.50 |1.53[1.62 | 1.49 [L.e9|1.57 [1.56|1.49
=Hsthyl-4-1sopropyl- - .
banzens 1,83 |1.85{1.56 |1,44(1,49]1.461 |1.44|2.5]1 [1,85]|1.85|v=wenomun rerfenea | 1481 |1.5171,80 [1,.58{1,858
1,3-Dethylbenxene 1.07 [1.13[1.24 |1.14)1.13] e o= om formme [eme | e frere | e | e [ o b ooee e e | e e [ e |
-Dlsthylbanzene J1.85 [ 1.28]1,43 [1.48(1.51[1.47 |1.48]0.57 [1.80{1.80]1,26 [l.42[|1.70 ozl1.64 ] 2,87 |3.71]1,78 h.es|1.680
1,4~Dis banzens 143 |L.50| L. 57 |1.68)1.52 | momen | we e | e [ | e = = — e frran | o | vnee e e |
1, 3=Dime ~B~ethyl-
benzene 1.38 1.56”1.4—9 iis Lo47) mmemn === | | e [ | Bl Gl B B B Bt EETT
1M thyleg-tart-
butylbansene C1afyg (1,40 |1.44|2,82 |1.55{1.80] mmmmm] ceme [ mee [ cmmn | o] e friam RSN FUVNES [NUIN PR PRSI W
1-Mathyl-d=tert= ,
batylbensens 1od4 [2.49]2,87 [ 189} 1.57| = comm| mmmom | mmem | ] e | | e | e e | e | | e e [
1-Xe -3y S~diathyl-
bantene 1,44 {1.80[2.88 |1, 70{1.89| mmrne cimn| mmame f e | e e | o e [ e e [EVRE P L e e A ] b B
1,8, 6~-Tristhylbnsens | GigHya |Ledd |1,03|1,68 |1.63)|1.00| crmmr|mmme | rrrme | crer lam e f e fsae e e | o | [ [ |2
I
B e ratio = k-1 “, nrnlnfws.m-l'nl. - - :

gL
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TABLE VII - KNOCK-LIMITED IRDICATED MEAN EFFECTIVE PRESSURE RATIOS OF BLENDS WITH MIXED BASE
FUEL CONSISTING OF 87.5-PERCENT (BY VOLUME) ISOOCTANE AND 12.5~PERCENT n-HEPTANE + 4 ML
TEL PER GALLON ~ Concluded

(c) Bthers.

Ecmpreusion ratio, 7.0; engine speed, 1800 rpm; coolant temperature, 212° F; spark advance,

30° B.T.Cqd
Yolume 17.6 Engine imep ratio®
percent
ether Inlet=air temperature
in (°F)
blend
Ether Formula . 100 250

Fuele-alir ratlo
0,065| 0,07(0,0885 0,10} 0,11} 0.065|0,07} 0,085| 0,10{0.,11

Methyl tert-butyl ether|CgH;ip0 10 1,18 [1.17|1,17 | 1.18/1,18{1.,14 [1l.14j1.156 |1.,15|1.13

Ethyl tert-butyl ether |CgHy40 1,11 [1.11(1.10 [ 1,09|1.06[1.11 (1412|113 |[1.13]1.13
Isopropyl tert-butyl
ether CqHy g0 1.11 J1.11}1.21 | 1.10|3.11}1,13 {1.,13]1.,10 §1.10]1,11
Methyl phenyl ether
(anisole) CoHgO 1,18 11.,20{1.17 {1,18{1.18{1.,11 j1l.11|1.12 |1.15|1.16
Ethyl phenyl ether
(phenetole) CgHy g0 1.17 1,16(1.16 | 1.17)1.,17(1.15 |l.14[1.11 |1.12]|1.16
Methyl p-tolyl ether
(p-methylenisocle} CgHy 0 1,18 |1.15|1.18 | 1,19[1.,20(1.15 [1.,15[1.18 |1.19]|1l.20
Methyl tert-butyl ether|CgH190 256 1.51 |1.,50|1.50 | 163{1.51l1445 |1.43|1.49 |1.62|1,51
Ethyl tert-butyl ether |[CgHq40 1od4 | 143141 | 1.36|1.3211.47 [1l.45[1.38 [1.,38[{1.39
Isopropyl tert-butyl
ether CrHy g0 1,36 | 1e37|1e38 | 1a35[1.33|1e33 |1.38]1.31 |1L.31{1.51
Wethyl phenyl ether
(anisole) CnHgO 1,46 [1.48[1e45 | 1.5011e54{1.31 [1.29]|1.27 |1.36|1.41
Ethyl phenyl sther '
({phenetole) CgHy o0 ] L1e57 [1e55]1e54 [ 1.556]{1456{1e39 |1o34|1.30 [L.57/1.43
Methyl p~tolyl ethexr
(p-methylanisole) CgHj g0 1.55 |1.50(1e52 [ 1e59/1465[1e38 (1433|1437 |1.44(1.52
Methyl tert-butyl ether|CgHq90 50 2,28 [2.31(2.56 | 2.59(2.40|2.07 [1.84|2,28 |2,46|2.44
$thy1 tert-butyl ether |CgHq40 2,27 [2.,35(2.28 | 2414(2,02|1,99 {1.88|1,76 |1.80[2.,01
Isopropyl tert-butyl CrH150 2.14 [2.,16({2,10 | 2.,00(/1,08{2,00 |1,98[1.88 (1.90{1,95
ether
ethyl phenyl ether
(anisols) CoEgO wncee! venn lenaen| 2,65|2,72|1.71 |1.50|1.41 |1.74{2,07
thyl phenyl ether
(phenetols) CgHy o0 cmeee|2,80|2,61 |2.63|2.72|1.77 (l.64|{1l.52 {1.99[2.22
ethyl p~tolyl ether .
(p~methylanisole) CgHy 0 mmeen | 2471|242 | 2.74[2.96|1.43 |1.28|1.24 |1.40]|1.65

'Y nock=limited imep of blend with 4 ml TEL/gel
Imep ratlo = Lmagk- 0 ep of mixed base Tuel w g



TABLE VIII - 17,6 ENGINE TEMPERATURE SENSITIVITY OF BLENDS RELATIVE TO ISQOCTANE AND NIXED BASE FUEL
LCONSISTING OF 87.5-PERCENT (BY VOLUNE) ISOOCTANE AND 12.5~PERCENT n~HEPTARE + 4 ML, TEL PER GALLON

E!ompresaion ratio, 7.0; engine spsed, 1800 rpm; coclant temperaturs, 212° F; spark advence, 30° B.T.C.]

(a)

Paraffins and olefina,

Paraffins and olefins

Formala

Relative temperature sensitivityd

—

20 volume percent &dded paraffin or olefin in blend
with 1scoctene

25 volume percent added
paraffin or olefin in blend

with mixed base fuel

Unlesded

4 ml TEL/gsl

Fuel-air ratlo

0.07|0.085| 0.10|0.11 0.086(0,10(0.,11 [0,085;0,07|0,085|0,10[{0.11
Paraffins
2,2, 3-Trimethylbutane O7H15 1.05/1.10 |1.05/1.00 1,00 |1.00|0,95(1.056 |1.05/1.00 [1.00(1,00
2,3~Dimsthylpentane »95|1.00 |1.00{1.00 1,00 |[1,00(1,00 [emece]| ~ona | concs | manws ] cawa
2,2,3,3~Tetramethyl~ .
antane Collpy - 1.05|1.05 [0,96(|0,95 1.00 [0,85]|0.85|=mm==]| mmema| =mmun ——e| e
2,2,3,4~Tetramethyl=- b ) o
pentane 20{1.15 [1.05{1.00 1,10 [1.00| .95|1.05 |1.,10{1.05 [1.00(1,.00
2,5,5, 4=Tetramethyl=-
pentane 251,15 |1.10|1.00 1.06 +95| .95]|1.10 }1,10}1,06 {1,00(1,00
2,4-Dimethyl-~3-ethyl -
pentane 00|1.00 |1.00| .95 1.00 [1,00]1,00|~w=ea]—~== -
Qlefins
2,5-Dimathyle=2=-
pentene CoHy g 1,15]1.19 |1.15(1.10 1.20 1,101,058 |~w==s| cane | commn| = | e
2,35, 4-Trimethyl-2-
pentene CgHyg 1.20]1.25 |1.20|1.15|1.20 1.30 |1.25]1.20|1.20 {1.20|1.20 |1.15{1.10
3,4, 4-Trimethyl-2=
péentena 1,10(1.15 [1.,20(1.15(1.20 1.20 |1,15]1.10(|1.25 [1.20(1l.15 |{1.10|1.10

2pelative tomperature

sonslitivity =

imep rRtlc of blend (inlet-air t
ep ratio o en

erature, 100° P
temperature,

PL

20HOSH W VOVN
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TABLE VIII - 17.6 ENGINE TEMPERATURE SENSITIVITY OF BELENDS RELATIVE TO ISOOCTANE AND MIXED BASE FUEL
CONSISTING OF 87.5 PERCENT (BY VOLUME) ISOOCTAME AND 12,5 PERCENT n-HEPTANE + 4 ML TEL PER GALLON -
Coutlinued

@ompresuion ratio, 7.0; engine speed, 1800 rpm; coolant temperature, 212° F; spark advance, 30° B.T.cﬂ

(b) Aromatics.

Relative temperature sensitivitya
20 volume percent aromatic in blend with 1scoctane |25 volume percent aromatic
in blend with mixed baae
fuel
Arcmatic Formula Tnleadsd | 4 ml TEL/gal
Fuel-air ratio
0,065} 0,07{0,086| 0,10/ 0,11 0.0G&T0.0? 0,085{ 0,10 0.11'0.065 0.,07}0,085/0,10/0.1
Benzene CgHg 1.10 |1,05|1.05 {1.00[1,00|{1.,10 [1.,05|1.,05 |1.05{1.05/1.15 |1.,10/1.05 |1,05{1.00
Methylbenzens CpEg 1.00 {1.05[1.05 [1.,00{1,00{1.10 {1,10/1410 ;1.20|1,05| ==coe|anca|acmacfcvan|mans
Ethylbenzene CgHig {1.15 [1.2011.20 [1,1011.05[1.16 |1.15[1.10 |1.08|1.00} ==mve|ocve| cocnn| conn | cmoxl
1,2-Dimethylbenzene 1,10 |1.10{1.16 $1.10{1.05[1.08 |1,00{1.00 |1.08|1,05{1.10 {1.06¢{1.00 [1.00|1.00
1,3=Dimethylbenzene 1.25 [1.20{1.156 {1.20/1.20}1.16 |1.10{1.10 |1.05{1.056{1.10 |1,15{1.05 |1,00|1,00
1,4-Dimethylbentene 1.10 {1,15{1.10 }1,056(1,00[1,15 [1.15{1415 [1410|1.06} ~vemn|ceca|recre| cuocatlana
n-Propylbenzens CgHjg |1.15 J1.15(1.15 |1.16{1.05/1.20 |1l.20|1.,15 [1.05/1.00/1,10 [1,10{1,05 {1.05}1.
sopropylbenzene 1.10 |1.20{1.20 |1.120{1.05/1.20 |[1,20{1.,156 [1.05(1,00| vmmeon|ccce|ncave] cann]|wcas)
l=Methyl~-2=ethyl=
benzene 1,00 11,08{1,05 [1.00/1,00|2,05 }1,00/1,00 ;1,00)1.00| ccacalccce] cnnca] cnnc|cvan
l=Methyl-3=-ethyl-
benzene 115 [1.20|1415 [1,10]1.06{115 [1.10{1,10 [1,00{1,00| ==vee|carelccces| cone|csns
l-Kethyl=-4-ethyl~
benzene 1.00 (1.05{1.,00 |1,05/1.,05/1.20 [1.,20}1,20 |1.,06|1.00|1.25 |1.20{1.25 |1.16}1.08
1,2,3-Trimethyl=-
benzene 1,06 }{1,06(1.05 |1.05{1.05(1,05 [1.00[1.00 [1.05{1.05|=ccnn|encc|caccnlcanc|acnx]
1,2, 4-Trimethyle
"benzene 1.10 |1,10{1.10 |1.,10{1.05{1.05 {1.,00|1.00 |1.00|1.00{1,10 {1,10{1.05 {1,00(|1.CO|
1,3, 5=-Trimethyl=-
benzene 1,256 ]1.20{1.20 |1,15|1,05{1.25 [1.20|1,20 {1.10[2.08)=enstn|cana|ccene|caae|ennn
n-Butylbenzene C3oH14 {1.10 [1,10{1,10 {1,10(1,05/{1,1.0 {1.05}1.06 [1.05|1.05/1.10 |1,10|1.05 |1.00]|1.
Ysobutylbenzene 1,15 (1.20(1.20 |1,15(1.10{1.05 |1.05(1.05 {1.00Q] .95{1.15 |1.10(1.10 |1.05 1.33
sec-Butylbenzene 1.l5 {1,15(1.20 j1.05/1.00(1.10 [1.165{1.10 |1400| +85/1.056 [1.10]|1.06 |1.05]1.
Tert-Butylbenzene 1.30 {1.30|1.20 |1,25{1,16(1.05 (1.06|1.058 |1,05[1.00/1.20 }1.25[1.15 |1.10{1.05
T-Wethyl-4-isopropyl-
benzens 1.20 [1.20(1.20 |1.20§1,15}1.15 {1,15|1.15 |1.00|1.00|1.15 {1.156{1,10 |1.,05]|1,.08
1,2-Disthylbenzene 1.00 [{1.05{1¢10 [1.00|1.00§1.10 j1.05(1,08 {1.00(1.,00}reec|-realecenc|—ane|aaaw
1,3-Diethylbenzene 1.20 {1.20{1.25 [1.20{1,10]1.85 |1.20|1.15 |L.05{1.00|%.20 |l.15]|2.10 |1.10{1.,0
1, 4-Diethylbenzens 1.20 [1.20/1.15 §1.10]1,00]1.10 |1.15|1,156 |2.05{1.00] mneuc|cecoajcnmecnicana |acaa)
1,3=-Dimethyl-G-ethyl=
beanzene 1615 [1,15(1e18 [1.10(1.05]1e80 [1eR0{1,15 [{Le05|1.,05|mncer|ccca|ccccn]ancalauad
leMothyl=3=-tert-
butylbenzens C11H38 |1.10 §1.15(1.10 |1.00|1.00|1e10 |1.15|1.10 [1.05(|1.00|=~wreinrvac|cccnc]nrecca|avan
l~Methyl-4-tert-
butylbenrans 1,16 |1.15{1.10 |1,05{1,00({1.10 [1.,10{1,10 |1,05]|1.05|~n=we=|cccalcac=a
l-Nethyl-3, 5-dlethyl-
benzene 1.20 [1.20{1.,20 (1.,10]1.05}{1.20 |1.85[1.10 }1.,10|1.00]eecec|cacajcaaan
1,3=6-Triethylbenzene [C1oH1g |1.25 [1.25(1.25 {1,15|1,06{1.25 [1,26/1.10 |1.00|1.00 ———— ———al

3Relative temperaturs sensitivity = LGP rtt%o of blend ilnlet-uir temperaturs, 100° F;
ep ratio o on. et-alr Tempera e,
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TABLE VIII - 17,6 ENGINE TEMPERATURE SENSITIVITY OF BLENDS RELATIVE TO ISOOCTANE AND
PERCENT n~HEPTANE + 4 ML TEL PER

@ompresaion ratio, 7.0; engine speed, 1800 rpm; coolant

{e) Ethers,
Relative temperatufe sensitivityd
Ether in blend wlth isococtane,
percent by volume
20
Ether Formula Unleaded
0.,065| 0,070,085/ 0,10| 0,11]0.065|0.07(0.,085(0,10/0,11
Methyl tert-butyl ether|CgHi50 [1.10 {1,10{1.15 |1.05|1.00|1,10 {1,15|1,10 |1,05{1,00
Ethyl tert-butyl ether [CgHi40 [1.06 |[1.06{1.,00 [1.,00{ .95{1.00 |1.00}1.00 {1,00(1,00
Isopropyl tert=butyl
ether CpH1g0 [1.10 |1.10|1.05 [1.00| .95[1.00 |1,05|1.,056 |1.00| ,95
Methyl phenyl ether
(snisole) CqHg0 |1.15 i,16|1.15 |1,10|/1,00(1,15 [1,15(1,20 }1.10{1.,05
Ethyl phenyl ether '
(phenetole) Cgljg0 [1+10 (1.10({1.15 |1.10{1.00|1.15 }1,15{1.10 [1.05{1.00
Methyl p=-tolyl ether .
(p-methylanisole) CgHyg0 |1.05 |1,15{1.15 |1.10{1,05|1,25 (1.,20|1.20 |1.05]1,05
imep ratio of blend (inlet-alr temperature, 100° F

3Reletive temperature sensitivity =

ép ratlo o en

et-alr Temperature,



NACA RM ESOHOZ

MIXED BASE FUEL CONSISTING OF 87.5 PERCENT (BY VOLUME) ISOOCTANE ARD 12,5
GALLON = Concluded

temperature, 2122 F; spsrk advance, 30° B.T.CJ

77

Relative temperature sensitivity®
Bther in blend with mixed base fuel, percent by volume

10 l 26 l 50
4 ml TEL/gal
Fuel~air ratlo
0.065|0,07|0.085|0,10[0411{0.065/0,07|0.085 (0,10 [0.11]0,065|0,070.085[0.100.11
1,05 {1,05{1.00 {1.,00{1,00(1,05 [1.05]1.00 [1.00[1,00{1,10 |1.25(1.10 |1,05|1.00
1,00 [1.00] .95 | 95| .95{1.00 [1,00]1,00 [1.00| 4986|1415 {1.25|1.30 (1.10]1.,00
1,00 {1,00{1,00 {1.00]{1.00{1.05 |1.05|1,05 {1.05|L,00|1.05 |1.10|1,10 [1.05{1.,00
1.05 |1.10{1.05 [1.05[1.00|{1,10 |1.15(1.156 |1.10(1.10 1,50]1.30
1,00 {1.00{1.,05 }1,05[{1.00|1415 |1.15{1.20 [1415 [1el0|=wm==[1,70({1,70 |1.35{1.20
1,00 |1.00(1.00 ]1.00{1.00|1,10 |1.15|1.10 |1.10|l.10|~~===12,10}/1,95 {1.95|1.80




TABLE IX - 17.6 ENGINE LEAD SUSCEPTIBILITY OF BLENDS RELATIVE TO ISOQCTARE

Eompression ratio, 7.0; engine speed, 1800 rpm; coolant temperature, 212° F; spark advance, 30° B.T.GJ

(a) Paraffins and olefins.

Paraffins and olefins

Fortmula

Relative lead susceptibility®

Inlet-air temperature, 250° P

Inlet-air temperaturs,

1

00° F

Volume percent paraffin or olefin in Blend with iscoctane

10 - 20 AL

20

Fuel-alir ratlo.

0.085 0.07| 0.085] 0.10] 0,11[0.085|0.07| 0.088] 0.10[ 0.11] 0.065] 0.07] 0.085] 0.20/ 0,21

2,2,3-Trimetbylbutane|CgH1g [1.05 [1.05(1.05 |1.00(1.00|1.05 [1.10[1.10 [1.05/1.056/1.05 [1.05]1.00 1.00
2,3=Dimethylpentane ———— w===11,00 |1.00{1.,05 |1.05/1.00/1.,05 |1.05/1.05 1.00
2,2,3,3-Tetramethyl-

pentane Cglog ———rr| e | mmmee] ceen reea 1,05 [1.05/1.10 |1.00/1.00|1.00 |1.00|1.00 1.00
2,2,3, 4-Tatramethyl-

pentane 1.05 |1.05|1.05 [1.00|1.,00(1.15 [1,15(1.10 |1,05/1,00{1.06 [1.,05[1i.05 1.00
2,3,3, 4-Tetramothyl- : .

pentana 1.10 (1,05(1.06 |1.10{1.,05[{1.15 |1.15|1.05 [1.05|1.00 1.Q0 11.00{1.00 +«06
2, 4-Dimethyl=3=sthyl=|. < S o t . : . . :

pentane : ————— 1,05 [1.00}1,00 {1,00|/1.00] .85 [1.00] .95 1.05

Olefins i

2,5-Dimethyl-c-

pentene Callyg |=mmme|=m==|=mm- | ==v=| ~===|0.95 [0.95|1.00 |1.05|1.00{1.00 |1,00(1.00 0,85
2,3, 4-Trimethyl-2~

pentene Calig 1.00 (1.00|1.00 |1.05(1.00|1.05 [1.05]1.00 |[1.,06}/1.06|1.05 [1.05 1.05 |1.05]1.05
3, 4, 4-Trimethyle~2-

pentene 1.00 [1.00(1.00 {1.0011.0011,00 [1.00}1.00 [1.0011.00{1.06 {1.05{1.00 [1.00]1.00

SRslative lead susceptibility =

imep ratio of blend with 4 ml TEL/zal
ep ratio o ond w 3

8L
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PABLE IX - 17,6 ENQINE LFAD SUSCERTIRILITY OF BLENIS NELATIVE TO IS0OCTANE - Contlnuvad
E}ouprauim ratio, 7.0; engine spesd, 1800 rpm; coolsnt temperaturs, P12° F; apwrk sdvance, 30° B.T.0]

{b} Aramatioa.

Relative lead susceptlbilitydr

Inlet-sir Semparature, R50° P

|Inletu-o.i:- tomperature, 100¢

Volume percent aromatic In bhlend with isocctaus

Avomatio Formule 10 Hi 20 | . 20
Fuel-air ratic
0.088(0.07|0,085{0,1040,11| 0.068|0.07|0,086{0,10|0,11|0.065 |0.07| 0.088| 0,10 0,11

Benzene ' Gty 1.00 [1.00|1,06 |1.05|1,06|1.00 [1.06/1.10 |1.06{1.00|1.06 |1.05|1.10 [1.10|1.05
Methylbentene OqRg 0,86 |1.00[1.00 |0.95/1.00|1,00 |1.06/1.00 |1.00|1.00|L,20 (1,20{1.05 |1.08]1.05
Ethylbenxme tglyp |1.05 |1.05/%.08 |1,00|0.85|1.20 |1.15]|1,18 |1.10{1.06|1,10 |1.1¢|1.08 |2.00]1,00
1,8-Dimethyluenzons - oD | oBG] 80 | «T0| o85] o85G | +B0| 455 | F| #BB] 485 | «85] 485 | B8 .80
1,5~Dimethylbenzensa 1.10 |1.10{1.10 [1,10|1.156{1.20 |1.85|1,90 |1.86(1.26(|1.10 |1.10/1.80 |1.10|l.10
1, 4=Dimethylbenzene 1.06 [1.08{1.00 |1.00|1.00(1.00 |1,10|1,08 |1.05{1.,00{1.06 |1.05]1,10 |1.,10|1.08
n-Propylbanzena Ogts [1.08 [1.06/1.10 (1,05/1.00{1..0 |1l.148(1.20 [1.10(1.10{1.20 [1.20{1.80 [1.05(1,00
sopropylbensens .05 [1.10(1.06 |1.,00|1.05|1,08 |1.15(1,10 (1,10(1.08(1.15 |1.18/1.,08 {1.05[1.05
1-Mathyl-2~ethyl- -

benznens morm | [ o | mmem| 86 [1,00(1.00 | 95| 80| L08 | .05 .90 | 00| .80
1-Mathyl-3-ethyl-

bapzene 00 | {mmew= EEEE R ===={=~=e-11.16 [1,.,20[1,15 [1,15|1.10(1.2¢ {1,10{1.10 |[1,05(1.08
1-Mathyl=4=sthyl- .

benzsnse 1.08 |1.05|1.10 [1.10|1.10(1.10 }1.10|1,10 |1,15/1.80|1.36 |1.%0{1.50 |1.80|1.15
1,2,5~Trinsthylbensene rrmmem | mmmn| peee | —eem | GB6 | L,90| .90 | 90| .BO| .86 | .B5| .85 | 85| .85
1,2, 4=Trimethylbenzene 1.00 ]1.00{1.00 | .95] .95/1.00 |1.00)1.08 |1,00] 80| .90 | .958] .90 | .80| .85
1,5, 6-Trimsthylbanzene 1.06 [1.05|1.10 |1. «98(1,10 |1,15|1.15 [1,10{1.08(1,10 (1,10[1.)56 |1.05(1,08
~Butylbenszene OyoHy 4 [2-06 11.0511.06 {1.0611.05/1.10 |1.10(1,1Q (1,10|1.06]1.06 (1,05|1.05 |1.05]1.05

cbutylbensene 1.10 |1.10/1.10 |1.10/1.05/1.20 |1.RO|1,36 |1.20]1.15|1.10 [1.10/1.05 |1.05]1.05
sec~Butylbenzene 1.10 [1,)0{1.05 |1.08(1.0B(1.20 [1.15{1,10 |1,10{1.08|1.10 (X..,15/1.10 [1.08(%.08
==L7=“&-1h—-—- 1 12 i~ nE 1 NE Falall ] AN % ekl an 1T onltr 1Al 1 T 1InlY ABD T ANIY AN
tert-Butylb=ams 1.15 [1.10[1.08 1.05)1.001.40 11.551.80 ;1,80 1,1041.10 (1.10)1. 1.00.1.00
T-Nothyl-4£-1noproyyl~

bensens 1,10 {1.,10{1.10 ]1,10/1.06/1.20 ]1.80]|1.20 )1.85!1.20]1.16 [1,15j1.,156 |1.05|1.06
1,2-Disthylbenzans =nmem e | ammes feeee [ —ume |95 [1,00{1.08 [1,00(1.00]),05 [1.05(1.00 |1.00| .85
1,3~Diethylbenzens 1.06 |1.10{1.10 |1.10|1.056{1.10 [1,90(1,80 [1,80({1.10{1.156 (1.15/ 1,10 |1.05|L.08
1, 4-Diethylbencans mwmme | cemn | em e e sl LB |1,16(1,10 |1,08(1.08(1.05 |1,10}1.10 |1.05{L.05
1, 5~Dimethyl~5-otiryl~

benzane =~rme|orne] cocmc [amm (e[ 1,08 [1.16]2.16 [1.00]1.08(1.10 [1.15[1.18 [1.10[1.10
l-Methyl-d~tart=

butylbanxens 013818 [ |=mme|=====]-==~]~===~| 108 |1.05|1.05 1.05/1.08|1.05 [1.06[1.06 |[1.05!1.08
1-Mathyl-4~tert-

butylbensons mamun | rnnn | mmmes |aee | see=]1,10 |1.10(1,10 |1,056{1,00(1,058 (1,05|.056 |1.06 (1,06
1=Nethyl-5, 5-diethyl-

banzane =wrme | | e [ emme | eee ] 1,10 |1.16(1.10 |1.08]1.05[1,15 [1,35/1.10 |1.05(1.00
1,5, 3~frlathylbsazene |0ygHyq |~--—-- e m———— oo | == 2,10 11,15{1.25 |1.16]%.05|1.20 |1,15]1.06 |1.00 [1.05

2CHOSH Y YOVH
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TABLE IX - 17.5 ENGINE LEAD SUSCEPTIBILITY OF BLENDS RELATIVE TO ISOCCTANE - Concluded

[compression ratio, 7.0; engine speed, 1800 rpm; coolent temperaturs, 212° F; spark advance, 50° B.T.C,]

(¢} Ethers.

Relative leoad susceptibilityd

Inlet=alr tempsrature, B50° F

Inlet-air tempermture, 100° F

Volume percent sther in blend with isooctaﬁe

Ethear Formula 10 I a0 20
Fuel«air ratio
0,0688{0,07)0.085|0,10{0,1|0.065{0,07|0.085/0.10]|0.11| 0.065]|0.07 [0.085]|0.10|0.11

Methyl tert-butyl ether 05H120 1,10°{1.06/1,10 (1,05/1.05/1.10 |2.10]1.10 [1.06]1.05) 1,15 |1.10{1.10 {1.05|1.10
Ethyl tert-butyl ether |CgHj 40 1.00 |1.00] .96 .95 ,95{1.15 |1.,10(1.05 {1.00| .96] 1.05 |1.,05]{1.05 |1.00| .95
Isapropyl tert-butyl |

A _—— w 1T AN 1 aAanlt An 1 nnlAa 1T 1N 19 nell An 1 Aanlt nAn 1 he 1 nelr Ae 1 Aanle nn

o LUSL \l7l-l16\l ER V. e a Wb L g Aast/] LalVl| Ledl) ol | L e oWV | L eV & oI eVl | Lalu el | eV
Methyl phanyl ether ,

(anlsole) CyHgO 1.00 |[1.00}1.00 |1,00(3,00/1,06 [1.05|1.,00 (1.06/|1.05] 1,05 |1.05]|1.05 |1.05|1.05
Ethyl phenyl ether '

(phenstole) CgHypC [1.00 [1.00 1.056 |1.,00{1,00{1.00 |1,00(1.10 {1.06]|1.05| 1.05 {).05|1.10 |1.00|1l.00
Mathyl tolyl ether .

(Efmet ylanisols) CgH100 {1.00 [1,05(1.05 }1.05({1,05| .85 |1.05]1.,06 |[1.05|L.05| 1.10 {1.,10]1.05 [1.00{1.05

2nelative lead susceptibility =

ime

ep ratioc o end w

ratic of blend with 4 ml1 TEL/gal

()

08

ZOHOST W VOVN




11

dad' &

NACA RM ESCHOZ

TABLE X - FULL-SCALE SINGLE~-CYLINDER ENGINE KNOCK-LIMITED
INDICATED MEAN EFFECTIVE PRESSURE RATIOS OF ETHER BLENDS
WITH MIXED BASE FUEL CONSISTING OF 87.5-PERCENT (BY
VOLUME) ISOOCTANE AND 12,5-PERCENT n~HEPTANE + 4 ML TEL

PER GALLON

[Full-scale cruise conditions; compression ratio, 7.3

engine speed, 1800 rpm; inlet-air temperature, 210° F;.
spark sdvance, 20° B.T.C.; cooling-air flow such that
rear-spark-plug-bushing temperature equals 365° F at
140 bmep and 0.10 fuel-air ratioc]

Imep ratlo®

10 volume percent ether in

blend with mixed base fuel

. Ether Formuls
Fuel=-alr ratilo
0.065| 0,07} 04085 9310'0.11

Methyl tert-butyl ether|CgHioO0 |1.27 |1.2111.24 |1.25|1.19
Ethyl tert-butyl ether [CgHy40 |1.19 |1.,16]/1.19 |1.16{1.11
Isopropyl tert-butyl

ether CyH160 117 |1,16{1.15 [1l.15{1.14
Methyl phenyl ether

(anisole) CrnHgO 1,11 |1.08{1.08 [1.11|1.11
Ethyl phenyl ether .

(phenetole) CgH190 113 |1.11}1.11 [1,15|1.12
Methyl p-tolyl ether

(p-methylanisole) Cgll100 {1.20 [1.16]/1.15 |1.17|1.19

nmock=-limited imep of blen

8Imep ratio = oo TInTTed Imep of mixed base

4 with 4 ml TEL/gal

A e T
“‘n‘g"’
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TABLE XI - DEGREE OF SEVERITY OF VARIOUS OPERATING CONDITIONS

Englne Mixture |Degree of severity
condition

AS.,T.M, Aviation Lean Severe
Full-scale takse=-off Lean Moderate to severs
A.S.T.M. Supercharge Rich Moderate
Full-scale taeke=-off Rich Moderate
Full-scale cruilse Lean Modsrate
17.6 (inlet-air temperature, 250° F) Leen Moderate
Full-scale cruise Rich (Moderate to mild
17,6 (inlet-air temperature, 250° F) Rich [Moderate to mild
17,6 (inlet-air temperature, 100° F) Lean |Moderate to mild
17.6 (inlet-air temperature, 100° F) Rich Mild

"!!ﬂﬁ;!"’
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/36 ) ce | 25-percent|
1594 e-¢g-c-¢ (by volume) blends
TN o
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c . \ § 4
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o cc -
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c-c-c-c
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g d .
g/24 \ C:' ¢ e
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Q
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/12 |
- 2T
/110 \\~;c""l§“"c
108 ¢ ¢
(a) ch-cl*'-cl'—c—c
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o5 6 7 8 9

Number o7 carbon atoms in molecule

() Engine, A.S.T.M, Aviation,

Figure 1. ~ Enock-limited performence of paraffins ln blend with mixed
base fuel consisting of 87.5-percent lsooctane and 12.5-percent
n-heptane -+ 4 ml TEL per gallon,
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/56 o

25-per~cen7‘ by vo/ume/ blends ¢ C,’
Fuel-air ratio, 0.1/ c-c-¢-c-c
/562 | bl
¢ ¢ /
/48 c-¢-c-¢ — 4
- Cblee/)| 46¢
> N b-be]

er
c
I\
S
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o
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/
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/18 el

base fuel | ¢ ¢
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©

5 & 7 8 9
Number of carbon atoms in molecule

(b) Engine, A.S.T.M. Supercharge.
Figure l. - Concluded., Knock-limited performance of paraffins in blend

wilth mixed base fuel consisting of 87.5-psrcent isooctane and 12,5-
vercent n-heptane + 4 ml TEL per gallon.
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25-percent (by volume) blends | |
A.S.T.M. Supercharge fuel/-air ratio, O./1
QL) /60 oo
Q Lo
S @ C-b-bco
3 _\c C
Q /50 \\
: >
ccec

o Lo %4 cce
L 140 ¢o70eC \ cﬁf::-é-o-c_JP
@ C
Q. N
3 N
S AN
S /30 <
9 L] e
¢ \ i ccc
é;i \\C—c':-é-c':—c
w120
: N
@ c-c-c-c-c \
ol cle | |

/106 /108 110 /172 /114 /16 /18

AS.T.M. Aviation performance number

Figure 2+ = Relation between A.S.T.Ms Supercherge and A.S.T.M. Aviation
performance numbers of nonanes in blend with mixed base fuel consisting
of B7.5~percent isoootans and 12.5-percent n=~heptane + 4 ml TEL per

gallone
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|1 lé&ngine | ’
o AS. 7M. Aviation

"o Full-scale single cylinder
( take~ofF)

— o Full-scale single cylinder —
(crulse) l l :
Jr |
. 25-percent (by volume) blends|
Full-scale single-cylinder
rfuel/-air ratio, 0.065
1.5 —
InmEEDAY
>
: =
e /.3 v
& /< _ &
T
D/ 2
£ \
E .
\ /HJ ¢
$1.1 =] ’/308
S / g
X 7 . 2
Lol P,//‘ <= /20§
O | % E
S
o/~ @),0
5 7 8 g 10 &

Number of carbon c#oms in molecule
c-c-¢ Cc-e-c-¢

@@@@@

(a) n-Alkylbenzenes; lean conditions.

Figure 3., - Knock-limited performance of arcmetics in blend with mixed
base fuel consisting of 87,5-percemt iscoctane and 12,5-percent
n-heptane 4~ 4 ml TEL per gallon,
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|
I | l Engine I '
— 0 A.S.7.M. Supercharge
QO Full-scale single cylinder

— (7ake-off)
O Full-scale single cylinder
£ (cruise)
b
; |
.5 25-percent (by volume) blends
Fuel/-air ratio, 0.1/
' s N
5 /4
er N
N /o
R /4 I AN
~
§ <,/ / \
T
L/ \
§A28 |
X
®
6 7 ] 9 /0

Number of carbon ofoms in molecule
c-c-¢  Cc-c-c-¢C

@@@@@

(v) n-glkylbenzenss; rich conditions.

Figure 3, - Continued. Enock-limited performance of sromatics in blend
with mixed base fuel consisting of 87,5-percent isococtane and 12.5-
- percent n-heptane 4 4 ml TEL per gallon.
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' rEngl/'ne I
O A.S.T.M. Aviation

- al/7Z6 (inlet air at 2560° F')
—O /7.6 (infet air at /00° F')—
a Full-scale single cylinder
(cruise)

26-percent (by volume) blernds
Full-scale single cylinder

ond /7.6 engine tus/-air |
ratio, Q.06

L5

/)

<

/.4 L //

&
[~

0 ratio

N

N
@
er/"

Knock-limited ime
~ 3
S

¥
7 9 5
/ OI,/__-———%:/ ’/Q/ s /20%
<
v @},10%
c C ¢

]
c-c-c-¢  Cc-6-C  C-c-c-C  C-C-C
| | | |
{¢) Butylbenzenes; lean conditions.
Figure 3, = Continued. Knook=limited performance of aromatics in blend

with mixed base fuel consisting of 87.5-percent iscootans and 12.5=
percent n=heptane + 4 ml TEL per gallon.
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I i I Engine l
0 AS.7.M. Suypercharge
o /7.6 (infet air at 250° F)
| © /7.6 (inlet air ot /100° F)__]
A Full-scale single cylinder
(cruise)

1.6 —25—peréen7“ (by volumse) blends
Fuel-air ratio, 0.1/ I

/]
|y

5
N
D .
: 7
o} 7
.qé/.4 /7//
- Y
Sio | $57
®)
Yy -
1./ I ()

c . c

}
Cc-c-c-C C—C'?-C c-c-c-¢  c-Cc-C
| I | !

o O O O

(4) Butylbenzenes; rich conditions.

Figure 3. - Continued. Knock-limited performance of aromatics In blend
with mixed base Pfuel consisting of 87.5-percent lsooctane and 12,5-

percent n-heptene + 4 ml TEL per gallon.
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| | Engine |

o A.S.T.M. Aviation ~
—n AS 7|"M Supe]“charge

Y
|25—,o|erce(n7‘ (,élay volume) blends
180 A. 8. 7. M. Supercharge

fuel-air ratio, O.//
|

4 j‘L —{]
2760
S
g
8
£
8 /
0
Y }
C / _P— —0

/

§ /20 ///

100 © _
C | c C '
SR sV <

¢ C

(e} Dimethylbenzenes.

Figure 3. ~ Continued. Knock-limited performence of aromatics in blend
with mixed base fuel consisting of 87.5-percent isooctans and 12,5-
percent n-heptaene 4+ 4 ml TEL per gallon,
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T oo |
—0 A.S.7T.M. Aviation
o AS TlM \'S’uper'ohalrg'e
|
I N
25-percent (by volurns) blends
/180 ~—4. ; 7. M. Supercharge
Tuel-air rci‘/'o, O. 1/
L /?\
8/60 s
S /
~ /
)
& /40 /
S /
5 //
t >
$/20 — =
//
f
100 (£)

;- Loswm
N S

(£) Methylethylbenzenes.

Figure 3, ~ Continueds Knook-limited performance of aromatios in blend
with mixed base fuel consisting of 87.5-percent isoootane and 12,5
percent neheptane + 4 ml TEL per gallon.
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T_ [ Engine I
o0 A.S.T.M. Aviation
o A.S. 7I'/V/ ]S‘u,oerchaf‘ge
| ]
25-percent (by volume) blends ©
/80 A. S. 7. M. Supercharge E
ruel-air ratio, 0.1/
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(g) Diethylbenzenses.

Figure 3, ~ Continued, Knock-limited performance of eromatics in blend
with mixed base fuel consisting of 87,5-percént lgooctane and 12,5«
percent n-heptene + 4 ml TEL per gellon.
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T 1 [Engine ]
| o0 A.ST.M. Aviation
o ASTM Syoercharge
| ! | I
25-percent (by volume) blends
/80— A. S. 7. M. Supercharge
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/ OO%S\P\«J)/ (B)
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(h) Trimethylbenzenes,
Figure 3. - Contlnued. Knock-limited performance of ercmatios in blend

with mixed base fuel consisting of 87.5-percent iscoctane and 12,5~
percent n-heptane -+ 4 ml TEL per gellon.
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30 t ! I I
25-percent (by volume) blends
A.S. T M. Aviation engine
¢
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!
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(1) Aromatics; lean conditions.

Figure 3. - Continued. Xnock-limited performance of aromatics in blend with
mixed base fuel consisting of 87.5-percent isogotane and 12.5-percent
h=heptane 4 4 ml TEL per gallon.
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(3) Aromatics; rich conditions,

Figure 3. =~ Concluded, Knock-limited performance of sromatiocs in blend with
mixed base fuel consisting of 87.5-percent iscoctane and 12.5=-percent
n=heptane ¢ 4 ml TEL per gallone. )
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: Engine
0 A.S.T.M. Aviation
|0 /7.6 (infet air at £50° F)
O /7.6 (inlet air at /00° F)
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/65 {

- 25-percent (by volume) blends
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(a) tert-Butyl alkyl ethers; lean conditions.
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Figure 4, = Enooke-limited performb.nce of ethers in blend with mixed base
fuel consisting of §7e.5=percent isoootane and 12,5=-percent n~heptane ¢

4 m1 TEL per gallons
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13 .
! J !
| | Engine ‘
o A.S.T.M. Supercharge
o /7.6 (inlet air at £50° F)
160 o /7.6 (inlet air at 100° F)
I
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(v) tert=Butyl alkyl ethers; rich conditions.

Figure 4. = Continued. Knock-limited performance of ethers in blend with
mixed base fuel consisting of 87.5~percent iscoctane and 12.5=-percent
n-heptane + 4 ml 1EL per gallon.
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(o) Phenyl alkyl ethers.

Figure 4, - Continued. Knock=-limited performance of ®thers in blend with
mixed base fuel consisting of 87.5=percent isooctuns and 12.5=-percent
n=heptane + 4 ml IEL per gallon,
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Figure 4, - Continued. Knock-limlited performance of ethers in blend with
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mixed base fuel consisting of 87.5-percent isococtane and 12,.5-percent

n~heptane + 4 ml TEL per gallon.
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Flgure 4, ~ Continued. Knock-limited performence of ethers in blend with .
mixed base fuel conslsting of 87,.5-percent isococtane and 12.5-percent
n~heptane + 4 ml TEL per gallon,
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(f) Anisole and three methyl cycloalkyl ethers.

Figure 4, - Continued, Knock-limited performence of ethers in blend with
* mixed base fuel consistling of 87,5~percent isooctane and 12,5-percent
n-heptane + 4 ml TEL per gallon, *
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Figure 4. = Continued. Knook-limited performance of ethers in blend with mixed base fusl consisting of
87+5-perocent isooctane and 12,5-percent n-heptans 4 4 ml TEL per gallon.
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Pigure 4. = Concluded. EKEnockelimited p&fomme of ethers in blend with mixed tase fuel consisting of
87+.5=percent isocctans and 12.5-peroent n=heptene ¢ 4 ml TEL per gallon. )
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Figure 5, = Ganﬁarism of lsomers baving highest antiknock valwes in blend with mixed base fuel consiating
of 87.5~-pervent isooctans and 12,5-pervent n-heptane + 4 ml TEL per gallon. -
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Figmes 5, - Concludsd, Comparison of -iscmers having nighest mntilmock valnes in blsnd with mixed base fusl
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Flgwe 6. - Enock-limited performance of blends wlth mized base fusl ccnsisting of
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Flgure 6, = Concluded, EKnock-limited performence of blends with mixed base fuel
consigting of 87.5-percent isooctene and 12.5-percent n-heptane + 4 ml TEL per
gallon, :
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presslon~-alr density for blends with mixed base fuel consisting
of 87.5-percent isoootane and 12.5-percent n-heptane 4 4 ml TEL
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of 87,5~percent isooctane and 12.5-percent n-heptene + 4 ml TEL
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Figure 12, - Concluded. Lead susceptibility (4 ml TEL/gel) of blends with
lsooctane. Compression ratio, 7. 0, engine speed. 1800 rpm; spark advance, 300
B.T.C.; coolent temperature, 212° F,
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Pigure 13. =~ Comparison of isomers having highest lead susceptibility in blends with iscocotane,
Compression ratio, 7¢0; inlet-air temperature, 100° F; engine speed, 1800 rpm; spark advance,

309 BuTeCu3 ooolant temperature, 212° F, :
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